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ABSTRACT 
An investigation was made into the factors governing 
plant distribution in two areas containing lead- zinc and 
in one case , copper, mineralisation in Northern Australia . 
The distribution of the major units within the savanna 
vegetation of the study- areas appears to be largely con-
trolled by edaphic and drainage factors . 
Distinct plant assBmblages are developed over the ore-
deposits . Although the assemblages are restricted to 
these environments , the individual species also occur in 
regions apparently devoid of mineralisation . In the area 
containing both lead-zinc and copper deposits , the same 
assemblage occurs on both types of mineralisation . The 
assemblage species are apparently better adapted to with-
stand higher concentrations of ore-metal in the substrate , 
and to absorb greater quantities of these metals, than 
the more widespread plants . 
Zinc , copper and lead occur in decreasing order of 
abundance in plants from un-mineralised loc~lities . Plants 
growing over the ore-deposits can absorb large quantities 
of all three metals , but the distribution of metal within 
the aerial parts varies . In some species, an increased 
rate of absorption of lead and copper occurs when the plants 
are growing on soils rich in these metals compared with 
their rate of absorption elsewhere . This may be related 
to intra-specific variations within the plants . 
(ii) 
CON TEN T S 
Abstract .... 
List of Tables .... ............ ... .. ... .................. .......... ...... . ............. . 
List of Figures 
List of Plates 
(i) 
(xi) 
(xv) 
(xxi) 
INTRODUCTION 
.. ............... ......... "'''' ................................ '" ...... ' ....... ........ 1 
Previous work 
Acknowledgements ' .................................................... . 
PART I: GENERAL ENVIRONMENTAL FEATURES OF 
NORTHERN AUSTRALIA 
3 
.., ........... 8 
.11 
(1) . Climate ..... ...................... ............ .... .. ........... ................................................ .. 11 
( 2) . Geology and physiography ...................................... 13 
(3) . Soils ................... ... ........... ..... ................................ ... 15 
(4) . Vegetation .............................................................................. . .............. ..... 20 
PART 11: FIELD TECHNIQUES 
.. 27 
(1) . Vegetation studies .. .......................... _ .......... __ ....... _....... ................. 27 
(a) Transects , ............. ................... _ ...................... _. ... . . 27 
( b) Mapping ..... ....... ........ ...... ....................... ........ ................. .......... . ...... __ . ... 28 
( 2) . Soils ... _ .. ........... M .................. _.... ..... ......... • ••• oo ..... __ • .. . 
(3) . Geochemical sampling .oo .. ...... '" ....... • 
(4) . Physiography .......................... _ ............... _._ ..... . 
28 
29 
. .. 31 
PART Ill : THE DUGALD RIVER AREA ..................... _ .. _ ............ , ._. _ 33 
Introduction .................................... __ ..... ___ .. __ __ _. 33 
\ .l..LL) 
Page No. 
SECTION A: THE CLIMA~GEOLOGY, PHYSIOGRAPHY 
AND SOILS . "'" .............. """'" 
(1) . Climate 
....... 36 
..... " 36 
(2) . General geology ..... .. .................................................... " ... 38 
(3). Mineralisation ''''''''''''' ''''''''' ''' '''''''''''' '' ''''' ................................ . 45 
( a) Lead- zinc ..... ................. ........ ............ ......... ... 45 
( b ) Copper .... . ............. .. ...... .. .... .. ........ . .. .................... ............ 47 
( 4 ) • Physiography .... ........... ... ....... ...... .......... ............... ...... ........ .......... ..... ... 48 
(5). Evclution of the landscape ..................................... 50 
( 6) • Soils ... ............. .. ........... .. .......................... . . ..... .......... ..... .......... ..... . ............ . ......., 54 
(a) Introduction ............................................................................... _...... 54 
(b) Description of the major soil types ........... 57 
(i) Skeletal Soils 57 
(ii) Grey Calcareous Soils ...................... _ ............ 58 
(iii) Arid Red Earths ............... " .................... ".......... .... 60 
(iv) Grey Soils of Heavy Texture ............... _ ...... _ 64 
(v) Levee Soils ......................... ...................... _ ............... _ ...... _ ... _. 66 
(7)~ The major and trace element status 
of the soils """"'" ........................ " ................................ . 68 
(a) Introduction .................................. ..... .. .... " ....................... . 68 
(b) Discussion of the results ... ", .. 69 
(c) Conolusions .................... ...... '''''''''' .............................. .. ............... 79 
(8) . Background values for zinc, copper 
and lead in soils 
(9). The distribution of zinc, lead and 
copper in the Lode Area soils ,. _. . .. 
.. __ ......... ....... 81 
83 
\iv) 
3ZCTION B: THE MAJOR VEGETATION UNITS OF THE 
DUGALD RIVER AREA 
(1), Introduction 
( 2). Description of the vegetation unit s and 
90 
90 
distribution within the Duga1d River Area '" 93 
(3) . The Lode Area 105 
(a) Introduction .................... ............................................... _ .......... 105 
(b) Tree and shrub cover ............. ........ ................ ... ... . 106 
(c) Ground vegeta~ion 106 
(d) Discussion 109 
(4) • The Area north-east of the Quartzite Range III 
(a) Introduction ....... ................. ........... ......... _ .. __ ... III 
(b) Tree and shrub cover ............................... _ .. _ .. _._.. . 113 
(c) Ground vegetation .......... _ .......... _ .................... _. _ .._._. ...... 114 
(d) Discussion .................................................................. ........ ...... ......... 114 
( 5). The Turkey Creek Area ............................... _ ................... _ ............. 118 
(a) Introduction ............................................... . 
(b) Tree and shrub cover ........................ .. 
118 
119 
(c) Ground vegetation ................ _ ........ " 1 20 
(d) Discussion .. , ........ .. ....................................... ~ ...... . ...... 120 
(6) . Conclusions .............................. _.......... ....... .. ... . 
SECTION C: DISTRIBUTION OF PLANT SPECIES 
ASSOCIATED WITH MINERALISATION 
(1) . Introduction ........ ~ ................................................. ~ .......... .. 
( 2). The Duga1d River Lode Area .......... . 
( a ) The distribution of the specie s 
a osociated with mineralisation 
.. 124 
127 
127 
128 
_ 128 
, . / 
Page No. 
(b) Factors influencing the distribution 
of the species ................................................. .............. ...... 134 
(c) Conclusions 148 
( 3) . The Turkey Creek Area ................................................... _................ 153 
(a) Introduction .. .................... ........................................ 153 
(b) The distribution of the species 
associated with mineralisation .......................... 154 
(c) Fact0rs influencing the 
distribution 0f the species 
(d) Conclusions ..................... ............................................... . 
(4) . Isclated 0ccurrences of the species 
associated with mineralisation ........... _ ... . 
156 
160 
162 
(a) Introduction ........................................................ .............................. 162 
(b) The factors influencing the 
distribution of the species ............... _ .............. _ .. 163 
(c) Conclusions ............. .................. ................................................... _ ......... 169 
(5). Assessment of the role of indicator plants 
in prospecting for base- metals in the Mt . 
Isa- Cl":mcurry field ..... : ..................................................... _... ._ .. 171 
(6). General conclusions on the distribution of 
the plant species associated with mineral-
isation ........ _ ..... _ ........................... _ ................... _..... ..... ....... 179 
SECTION D: BIOGEOCHEMICAL INVESTIGATIONS IN 
THE DUGALD RIVER AREA 184 
(1) . Introduction ............................ _ .. ..... ... ... . ..... 184 
(a) Role of the ore-metals in plant meta-
bolism and processes involved in their 
assi.Ini1ation ..................... _............................ ......... 185 
Page No . 
(b) Previous work .... . 189 
(c) Analytical methods and presentation 
of results 192 
(2) . Results ..... ............................................... .......... ...................... ... ....... _ .... 194 
(a) Background and threshold values 194 
(b) Biogeochemistry of Triodia pungens .... _ .......... 197 
(c) Biogeochemistry of Tephrosia sp . 
nov . , (Dugald R.' lVlMC/DMJP No . 5) .... . --0- .. _ ... 204 
(d) Biogeochemistry of Polycarpaea glabra 217 
(e) Biogeochemistry of Eriachne mucronata 224 
(f) Biogeochemistry of Bulbostylis 
barbata 233 
(g) Biogeochemistry of Fimbristylis sp . , 
(Dugald R. MMC/DMJP No , 279) .... ........ 235 
Ch) Miscellaneous species . ............. ..... _. 238 
(i) Results of plant analysis for copper, 
lead and zinc and trace element analysis 
of plants and soils on traverse at 
100 N, Dugald River ' Lode .............. _ . 242 
(3) . Discussion on inflections in the curves 
of metal content in the plants against 
the soil metal content ....................... ""'_'_' 246 
(4) . Definition of biogeochemical anomalies 254 
( 5) . Conclusions ..... ...... .. ........ _ .......... _ ...... . 258 
\ Y ........ J 
Page No . 
SECTION E: SUMMARY OF CONCLUSIONS REGARDING 
VEGETATION DISTRIBUTION IN THE 
DUGALD RIVER AREA .......................................................... .. ... 269 
(1). Summary of conclusions on the distribution 
of the major vegetation units ................... .................... 269 
(2) . Summary of conclusions on the distribution 
of plant species associated with mineral-
isation .. .. .... ..... .... . .......... . . ... ... . . ... . .. .. _. . ....... _ ..... ... 211 
(3) . Summary of conclusions regarding the plant 
prospecting methods 215 
(a) Indicator plant prospecting ......... .. .. ........ .. 215 
(b) Biogeochemical prospecting ... .......... .. _........... . ....... 217 
PAR'r IV: THE BULMAN AREA 
Introduction 
SECTION F : THE CLIMATE , GEOLOGY , 
280 
280 
PHYSIOGRAPHY AND SOILS .. ... ....... ........ ............. ... 282 
(1). Climate .................................................................................. _ .. _ .. _ N" 282 
( 2) . General geology ......... ................. '.N .................. ....... _ ••• •• 284 
(3) . Mineralisation . ........ .... ..... .... ................. ....................... ... ........... 286 
(4) c Physiography .... _._ ...... . ... _ .. , .......... _ ., ................. ,_ ., 288 
(5). Evolution of the landscape ........................... _ ....... .. . '_ 289 
(6). Soils ... . ....... __ ....... M ..................................... .... _ ....... __ •• _. • .... . 295 
. " .............................. ................. -- _ ..
""'0 '0, ... ........... _._ •• _ .... - - -_ .. _- - -'-' 
( a ) Skeletal ~oils 
(b) Alluvial Soils 
(c) Discussion 
.... .... ....... ... ........ . ...... -.- .. ., -- -----_. 
296 
296 
298 
\V~~~~),-------------------""----
SECTION G: THE ~~JOR VEGETATION UNITS OF 
300 THE BULMA...1'J AREA 
(1) . Introduction .. . ... _ 300 
(2), Description of the vegetation units and 
distribution 'v"'i thin the Bulman Area 
(3) . Conclusions 
AREAS A AND B 
(1)0 Introduction 
_ . 30~ 
'" " 31C 
(2). Physical features and geology ........... _ ..... ~ _.' .. 3~ CS 
( 3 ) . Soils ......... ... ..... ......... .... . ............... ............................... ~ ............ _... .. ...... }lO 
(4) . Vegetation ........ . ~ , 0 )_ • .J 
( ) T d h b .~;19 a ree an s ru cover .. ........ _ ...... _ .............. _ / 
(b) Ground vegetation ................... _ .......... . _._ ............ __ . 320 
(c) Discussion 
( 5) • Conclusions 
SECTION I : VEGETATION DISTRIBUTION IN THE 
. -
WEIMOOL SPRINGS GRID AREA 
(l)~ Introduction 
322 
327 
331 
331 
( 2). Soils .......................................................................................... __ .... __ .. _ .... _ 332 
332 
335 
336 
338 
(a) Detrital Laterites . ___ . 
(b) Skeletal Soils .............. .. 
(c) Alluvial Soils 
(3) . Vegetation . 
(a) Tree and ohrub cover ..... . . 3)8 
(IX) 
(b) Ground vegetation . 
Cc) Discussion ................. . .................................... . 
(4) • Conclusions .......... . 
S~CTION J : BIOGEOCHEMICAL INVESTIGATIONS 
IN THE BUL~AN AREA 
Page No . 
339 
340 
345 
348 
(1) . Introduction .. _ ..... .... ............... _ ....... _ ...................... 348 
(2) , Plant analyses from Area A .. ................. _ . . .. 349 
(3) . Plant analyses from the Weimool bprings 
Grid 353 
(4). Plant analyses from areas remote from 
known mineralisation 
(5) 0 Discussion . . ..... . 
.... .... 358 
.......... 360 
(6). Conclusions ... ........... ..................... ..... . .. ........ ...... ............ _ ... 367 
SECTION 1\:: SUi.; l:lARY OF CONCLUSIONS RhGARDING 
VEGETATION DISTRIBUTION IN THE 
BULMAN AR.EA ........ .. .... """"""_ .. ....... __ .. _. ___ ..... _ ... 372 
(1) . 
(2) • 
(3) • 
Summary of conclusions on the distribution 
of the major vegetation uni ts ... _ ..... 
C;ummary of conclusions on the distribution 
of plant sp~cies associated with mineral-
isation 
Su;rJIlary of conclusions rega rding plant 
prospecting methods . .... ....... 
(a) Indicator plant prospecting 
( h ) i~i r"ll3 pn r.hcmi en 1 pl'oflpec ting 
372 
._ . 374 
377 
377 
380 
(XI 
SECTION L: GENERAL CONCLUSIONS AND 
REC0100ENDATIONS FOR FUTURE 
RESEARCH ..... ""'" ...... ........... ........ .......... ............... _ .......... "'" 
(1) . The distribution of the major 
vegetation units 
(2) . The distribution of the species 
Page No . 
383 
383 
associated with mineralisation .......................... _ ... _ ........... _ .. . 385 
391 (3) . Plant prospecting methods 
(a) Indicator plant prospecting .... . ........ . .... ..... 391 
(b) Biogeochemical .prospecting ..... '., ....................... _ .. _ 393 
REFERENCES 397 
APPEl'illIX A 
Techniques of soil analysis for 
major and trace elements ........ ... _. __ .. _ ............. _ .. _ ... _ .. _ .... .. _ .. 406 
APPENDIX B 
Techniques of plant analysis for copper, 
lead and zinc 
A. Collection, preparation and ashing 
B. Determination of copper, lead and 
412 
412 
zinc in plant ash ..................................... ........ _ ....... _._._ ..... 420 
APPENDIX C 
Comparative lists of the species occurring 
in the plant associations, communities and 
assemblages of the Dugald River and 
Bulman Axe as .. . ....... .. .. ... . ... ...... ..... ..... .. . '" ....... _. _.,. .. . _.... 428 
(xi) 
TABLES 
Table Page 
Nq~ -
1 Clirr:atic Stat:i.stics for Cloncurry and 
Carsland Homes t ead, north-west QueellsJ.and 37 
2 The S~qucnce of Rocks from West to East on 
Line l200N, Dugald River Area .'. _ ....... _ 42 
3 Summarised Characteristics of the Soils of 
the rl~gald River Area ........ ...... ....... ... ........... .... ..... ......... 56 
4 Chemical and Spectrographic Analysis of 
Near- Surface Soils from the Dugald River 
Area ...... ............................. ............................ . ,. .......... ........... ... . ........ _ .. _ .. 71J 
5 Calculfl.ted Background and Threshold Results 
in Soils for Bisulphate-Extractable Zinc , 
Lead and Copper .......... _. ...... ...... ........... .. . ........... ..... .. ..... .. 82 
6 Comparjson of the Vegetation Units in the 
Du3ald River Area with those of other 
InvestiGations ....... _. 
7 Trj.odiR pungetls Anal yeas of Plant Samples 
colkted along Traverse fOllowing Mount 
Iea/C1oncurry road 
8 Calculated Background and Threshold Levels 
91 
196 
fo r Copper, Lead and Zinc in planta ._ .. _ .. _ 197 
9 J'.!'io~ia_'Q£.qgen§. Analyses of Plant Samples 
from Backgroun( Areas, Dugald River 
10 Calculated Background and Threshold Levels 
f or Plants , ba3ed on Six Samples of Triodia 
198 
(xii ) 
tlliJge~s f r om un-mineralised localities in 
the Dugald River Area 199 
from Dup;ald Rive:c Lode Area ..... .... ... _ ............. . _ .......... _ 200 
12 .Tr;~C2dia pung~n~ o Analyses of Plant Samples 
from Turkey Creek Area , Dugald River ..... _ _ 202 
13 Tcpi1rocj.a sp . nov . (Dugald River MMC/DMJP 
.--- ..... ~- ... -.-
Ho. 5). Analyses of Plant Samples from 
DGgald River Lode Area .. ..... .......... ..... ......... ... ................ 205 
14 Tepp.rosif! sp_ novo Analyses of Plant Samples 
from Turkey Creek Area , Dugald River 
15 .T..£.l2..!u'os.ia; op. nov" Analyses of Plant Samples 
from Areas not knovm to be Mineralised , 
Dt.'...;a1Q R~.ver . 
2.6 .pol;y~ ~.r.J".le~]=-C!P!:~ . Analyses of Plant 
Samples from the Dueald River Area 
17 .~Tla(l.,hyt£.JlluqX'on_~t.~. Analyses of Plant 
Sample:.:. :!.'rom Dugald River Lode Area 
18 .Er ta.Q!lpr _.muQ.;rQ.na.~a . Analyses of Plant 
f'amples from Turkey Creek Area , Dugald 
nivc~' 
19 Eriachne mucronat~ . Analyses of Plant 
Samples from Background Areas , Dugald 
208 
210 
218 
225 
228 
Riyer 
0< .... ___ ............ ".'_" ._. _.... • •••••• _ ... _. _ 229 
20 Bulbo~ylis barbata . Analyses of Plant 
Table 
No . 
Samples from Dugald River Lode Area 
21 Fimbristylis sp. (DuBald River MMC/DMJP 
No . 279) ~ Analyses of Plpnt Sa"Tlpleo frc" : 
Dugald River Lode Area, 
22 MiAcellaneous suecies . Analys"'s of PJ_C'n".:i 
Samples from the Du~uld P.iver Area 
23 Co- ordinates f G~ Inflections in the Curvc s 
of Copper and Lend Contents i.:1 P1un".:iG 
against the Copper and Lead Contents in 
the underlying Soils ,. _ ., .. 
24 Comparison of Copper : Zinc R::l.tioG in Plp.n'~ 
Samples ( all parts) from Lode Area, Turl;:cy 
Creek and Background 
25 Mean , Range , Ratio of Mean Anomalous : 
Threshold Value and Percentage of Resultc 
above Threshold Value for Lead. and Zinc in 
2:55 
Plant Samples (all parts) from Ilode Area 256 
26 Mean , Range, Ratio of Menn Anomalous: 
Threshold Value and Percentage of Result~ 
above Threshold Value for Copper in Plnnt 
Samples (all parts) from Turkey Creek Areq . 256 
27 Mean Monthly Rainfall and Temperature Figures 
for Darwin and Katherine 283 
28 Stratigraphicnl Sequence of the Rocks in 
the Bulman Area .. 
_. 285 
(xiv) 
Table E~~e 
No . 
29 Comparison of the Vegetation Units in the 
Bulman Area with thoseof other Investigat-
ions 
30 Miscellaneous Species . Analyses of Plant 
Samples from Area A, Bulman 
31 Miscellaneous Species . Analyses of Plant 
350 
Samples from Weimool Springs Grid, • Bulman .. __ 355 
32 Miscellaneous Species . Analyses of Plant 
Samples from Areas not known to be Mineral-
ised, Bulman _ 
33 Comparison of Results of Duplicate Analyses 
of washed or brushed Plant Material with un-
treated Material . Plant Samples from Mineral-
ised Outcrops .. ....... ... .. . .......... ............ _ ..... _.. ..... . .. 
34 Tephrosia sp _ nov o (Dugald River 1mC/DMJP 
No . 5) . Comparison of Results of Analyses of 
Duplicate Samples Ashed with Silica or 
359 
413 
Platinum Crucibles .................... _ ........ _ .................... . ..... __ .. __ ._ 416 
35 Comparative Lists of the Species occurring 
in the Plant Associations, Communities and 
Assemblages of the Dugald River Area _." Appendix C 
36 Comparative Lists of the Species occurring 
in the Plant Associations, Communities and 
Assemblages of the Bulmnn Area Ap pendix C 
Fig . 
N,Q . 
1 
2 
3A ,B,C 
4A ,B, C 
5 
6 
7 
( xv ) 
FIG U RES 
Location of Dugald River Area 
Geological Map of Dugald River Area, 
showing Study- Areas 
Ahead of 
Page 
No . 
2 
41 
Maps of the Dugald River Lode Area , 
showing Geology , Distribution of the 
Dominant Trees and Shrubs , and the Ground 
Vegetation. 
Maps of the Dugald River Lode Area , 
showing Topography , Overburden , and 
Looation of Botanical Transeots and 
Geochemical Traverses 
Distribution of Zinc , Lead and Copper 
in the Soil~ of the Dugald River Lode 
Area 
47 
50 
... 84 
Vegetation Map of the Dugald River Area 93 
Results of Transect 4 , Dugald River 
Lode Area. 110 
8A ,B Distribution of (A ) the Dominant Trees 
and Shrubs , and (B ) the Ground Vegetat-
ion , in the Area north-east of the 
9 
Quartzite Range .. . 114 
Results of Transect 11, Area north-east 
of the Qunrtzite Range 117 
Fig . 
No . 
< • = , 
Distribution of (A) the Do:unant Trec; 
and Shrubs, and (B) the Ground VCGOt2t-
ion, in the Turkey C:t:'3ck k~ea 
11 Resul ts of Trp.nsect 12, TvC'key Crec:: 
Area 
12 Distribution of Herb~ceour Spec~es o~er 
l23 
the Southern Half of the I·ode Ou-'-;c :.~ \." ) l~}. 
13 Distribution of He::-J".ccou:-, SpcC' :i.)[; c ;_:" 
the Northern Half of the Lode Outcr~~ ~ ~. 
14 Results of Transect 2, Du::;o.ld R~.Yc:~ 
Lode Area 
15 Results of Transect 3, DuGald River 
Lode Area . ........ ,". ...... ........ .. .... .. ... ........ 1 35 
16 Results of Transect 4 (Central), 
Dugald River Lode Area 
17 Results of Transect 5, Dugald River 
Lode Area .~ ...... _. __ . 139 
18 
19 
Results of Transect 6, Dugald River 
Lode Area 
Results of Transect 7, Dugald River 
Lode Area 
20 Results of Transect 8, Dugald River 
Lode Area 
21 Results of Transect 9, Dugald River 
Lode Area 
......... ... - ... - .......... - .. - - . _ .. _. --' _. --.. .. 
140 
141 
142 
143 
(xvii) 
Fig. 
No. 
Ahead o ~' 
Page 
Ho. 
22 Rec1).1 ts of T:!:'M f:"'ct 10, Duga1J. River 
Lode Area 144 
.......................... - .. .. .. ..... ' .. -
23 Result :) of Tro..'"lsect 13$ Turl{ey Creek 
Area 157 
24 Distribution of Species associated 
with TlTineral isation in the Duga1d River 
Area 164 
25 Geochemica1 Traverse over Tephrosia 
spo nov 4 Occurrence at 8600N/6000E ........... 165 
26 Geochemica1 Traverse over Tephrosia 
sp . novo Occurrence at 9000N/400W 
27 Geochemica1 Traverse over Tephro~ia 
166 
sp. nov. Occurrenc e at 16, 400N/700W ._. ___ ... _ 167 
28 Gcoche~nj.co.1 T'ravers(? ::ver Tephrosia 
sp. nov. Occurrence at 18,700N/2000E ....... 167 
29 Geochemical Traverse ov~r Eriachne 
gn; crQnat~ Occurrence at 13, 500N/IOOE .... _ .. 169 
30 Geochemica1 Traverse over Eriachne 
mucronata Occurrence at 18,700N/12,200E 169 
31 Graph of Cu, PO and Zn Content in the 
Ash of Leaves of Triod~lli1gens ~~ainst 
th~ C\l) Pb 81'1d Zn Content in the Soil at 
4-6 ins. underlying the sampled Plants _ 204 
32 Graph of Cu, Pb and Zn Content in oven-
ilry L.eaves of ~pungens against the Cu, 
Fig . 
No . 
Ahead of 
Page 
No . 
Pb and Zn Content in the Soil at 4- 6 
ins . underlying the sampled Plants .......... 204 
33 Graph of Cu , Pb and Zn Content in the 
Ash of Leaves and Stems of Tephrosia sp. 
noV o against the Cu , Pb and Zn Content 
in the Soil at 4- 6 ins . underlying the 
sampled Plants ..... . ... .. ....... ............ .. ........... _ ............. ......... ......... .. 212 
34 Graph of Cu , Pb and Zn Content in oven-
dry Leaves and Stems of Tephrosia spc 
nov o against the Cu, Ph and Zn Content 
in the Soil at 4- 6 ins . underlying the 
sampled Plants 
35 Graph of Cu , Pb and Zn in· Leaves:Stems 
in Tephrosia sp . nov o 
36 Graph of Cu , Pb and Zn Content in the 
• Ash of Leaves + Stems of Eriachne 
mucronata against the Cu , Pb and Zn 
Content in the Soil at 4- 6 ins . 
underlying the sampled Plants ........................... . 
37 Graph ~f Cu , Pb and Zn Content in oven-
dry Leaves + Stems of E~ mucronata 
against the Cu , Pb and Zn Content in 
the Soil at 4-6 ins . underlying the 
sampled Plants _ ........... _ ..................................... . _ ....... , , .................... _ ........ _. 
212 
214 
231 
231 
(XlX ) 
Ahead of 
Fig. Page 
iTo o No . 
38 Results of Analyses of ~riodia pungens 
(leaves) and Ez~ac~~mucronata ( leaves 
+ stems) for Cu , Pb ~d Zn on 100 N 
Traverse , Dugald River IJode ................................... 243 
39 Results of Spectrographic Analysis of 
Triodia pungens (leaves) and Eriachne 
mucronata (leaves + stEms) on 100 N 
40 
Traverse , Dugald River lode 
Location of Bul!D.an Area 
1).1 Geological Map of Bulman , showing 
244 
281 
Study-Areas ........ . ...... ................................................... ..... 287 
42 Vegetation Map of the Bulman Area ..................... . 303 
43 Geological Map of Areas A and :S , Bulman .... 317 
44 Map showing Tree Cover on Areas A and 
B, Bulman 
45 Map showing Ground Vegetation on Areas 
A and B, Bulman ............. . ......................................... . 
46 Results of Transect, Area A 
47A ,B, qD Maps of (A) Tree Uover, (B) Ground 
Vegetation , (C) Surface Charact-
eristics and (D) Location of Transect , 
320 
321 
323 
Soil Pits , in the Weimoo1 Springs Grid ... 339 
48 Results of Transect , Weimoo1 Springs 
Grid 
.. ~ ............. 4_ ...... 0 ....................... - ........... , _ •• f.... .. . ............... . 342 
(xx) 
Ahead of 
Fig. Page 
No. No. 
49 Comparison of Results obtained on 
Analysis of Duplicate Samples of milled 
and un-milled Plant Material 
50 Comparison of Results obtained on 
Analysis of Duplicate Samples ashed by 
Wet and Dry Methods respectively; milled 
Plant Material 
415 
418 
::~I_ate 
l~o • 
(xx]. ) 
PLATES 
Eriachne ~ucronat~ on the Dugald River 
Lode 
1 View along the Mt . Rosebee fault 
zone, Dugald River Area 
2 View towa~ds Quartzite Range 
3 Mesozoic sandstones in bank of Cabbage 
Tree Creek 
4 Cemented quartzite rubble at north 
end of Quartzite Range 
5 Profile through Grey Calcareous Soil 
6 Profile through Arid Red Earth Soil , 
with hardpan and calcrete horizons ........ . 
Ahead of 
Page 
No . 
Frontispiece 
49 
" 
53 
" 
60 
62 
7 Profile through a Grey Soil of Heavy Texture ... 66 
8 Eucalyptus brevifolia - Triodia pungens 
Association on shales 
9 Eucalyptus brevifolia - Triodia pungens 
Association on quartzite rubble and gravel 
10 Eucalyptus argillacea - E. terminalis -
Acacia chisholmi - Triodia pungens 
Association on calc-silicates 
11 Eucalyptus papuana on interfluvial 
tract occupied by Arid Red Earths ..... 
12 Acacia carnbagei on summit of Mezozoic Mesa 
95 
" 
99 
11 
103 
Plate 
No . 
13 
\XXll} 
Acacia cambagei on flood plain of the 
Dugald River 
14 Astrebla pectinata - Iseilema macrathera 
Ahead of 
Page 
No. 
103 
Associati0n on Grey Soils of Heavy Texture _ .. 104 
15 Melaleuca viridiflora and Eucalyptus 
camaldunensis along the Dugald River If 
16 Tephrosia sp . nov o (Dugald R. MMC/DMJP No . 5)H. 138 
17 Tephrosia sp . nov o seedlings nn the Lode 
Hangingwall 
" 
18 Polycarpaea glabra, with Tephrosia sp. 
nov~ on cnpper-bearing shales in the 
Turkey Creek Area .H'" ..................... ............. ........ ...... ........................... 156 
19 Polycarpaea glabra 
20 Polycarpaea glabra on copper-bearing 
schists at the Bedford Mine 
21 Eriachne mucronata on copper-bearing 
" 
168 
shales south-east of Turkey Creek .............. " 
22 Cochlospermum fraseri, Acacia pallida 
and Vetiveria elongata on outcropping 
dolerite in the Bulman Area 305 
23 Residual Soil on dolerite It 
24 Eucalyptus confertiflora and Terminalia 
platyphylla on alluvium ..... ..... ... ' .. 307 
25 Tristania grandiflora and Sorghum sp _ 
(Bulrnan No. 184) on the Black Soil Plains 11 
Plate 
No . 
26 
(xxiii) 
Pandanus sp . (Bulman No . 206) near 
Weimool Springs ._ .. ... .. _ .............................. . 
27 Imperata cylindrica var . major and 
Flaveria australasica on calcareous soils 
wi th gilgai development _. _. _ .. ____ ._ ... 
28 Pipturus argenteus thicket on 
calcareous soils 
29 Calcrete nodules on surface of 
calcareous soils 
30 Weathering along joint planes in 
Ahead of 
Page 
No . 
309 
11 
310 
It 
carbonate rocks , Area A, Bulman .................................. . 318 
31 Superficial mineralised crust masking 
ore-deposits , Area A 
32 Gardenia megasperma , Vetiveria elongata 
and Chrysopogon pallidus on un-mineralised 
rocks at Area A 
33 Terminalia platyphylla , Heteropogon 
contortus and Andropogoneae indet . 
(Bulman No . 156) on heavy clay soils 
at base of hill, Area A 
34 Polycarpaea synandra var . gracilis on 
superficial mineralised crust , Area A 
35 Fimbristylis schultzii on superficial 
mineralised crust, Area A 
11 
320 
" 
322 
" 
Plate 
No . 
36 
WHvJ 
Polycarpaea spirostylis , Trianthema 
Ahead of 
Page 
No. 
rhynchocalyptra and Plectrachne pungens on 
laterite gravel, Weimool Springs Grid, Bulman . 333 
37 Outcropping chert with Andropogoneae indet . 
(Bulman No . 135) , Weimool Springs Grid 
38 Profile through Detrital Laterite, 
Weimool Springs Grid 
39 Profile through Skeletal Soil on chert , 
Weimool Springs Grid 
40 Profile through alluvium of drainage 
channel , Weimool Springs Grid 
41 Eucalyptus jenseni , Erythrophleum 
chlorostachys , Terminalia pterocarya on 
" 
335 
337 
If 
Detrital Laterites , Weimool Springs Grid 340 
42 ~ucalyptus tetrodonta , E. ferruginea on 
Detrital Laterites , Weimool Springs Grid 
43 Eucalyptus tectifica , Heteropogon contortus 
and Andropogoneae indet . (Bulman ~o. 156) 
" 
along drainage channel , Weimool Springs Grid 341 
44 Eucalyptus tectiiica, Erythrophleum 
chlorostachys, Chrysopogon pallidus and 
Andropogoneae indet . (Bulman No. 156) on 
Skeletal Soils on chert , Weimool Springs 
Grid 
" 
- I -
I N T R OD U C T ION 
Although the relationship between plant distribu-
tion and mineralisation has been the subject of a 
considerable number of investigations in Europe, Russia 
and the United States , no systematic work appears to 
have carried out in Australia. Moreover, the influence 
of the ore-metal content in the soil on the vegetation 
has been largely neglected in previous studies. This 
thesis presents the findings of an investigation into 
the factors governing plant distributi~n at two base-
metal deposits in northern Australia. 
The major part of the field work was carried out 
at the Dugald River lead-zinc Prospect, (Lat. 200 15' 
south, Long. 140°10' east), lying some 36 miles north-
west of Cloncurry, Queensland, (Fig . I). In addition 
to the lead-zinc deposit, numerous small copper 
showings also provided suitable sites for the study 
of plant distribution in the vicinity of mineralisation. 
The geology of the area was well known from work under-
taken by the supporting Company, and likewise the major 
vegetation units from a previous survey made by M. M. 
Cole. 
In this area the. present work was made in con-
junction with a study of the geochemical dispersion 
of copper, lead and zinc from the ore-deposits by 
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Fig. 1. Location of Dugald kiver Area. 
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O.w. Nicolls. This provided valuable information on the 
tenor of the ore-metals in the soils overlying and sur-
rounding the mineralised zones. One of the aims of this 
joint project was to assess the roles of geochemical and 
plant prospecting methods in mineral exploration. 
The second area investigated was the Bulman lead-
zinc Prospect, (Lat. 130 41' south, Long. 134016' east), 
situated some 240 miles east-south-east of Darwin in the 
Arnhem Land Aboriginal Reserve of the Northern Territory, 
(Fig. 40). The vegetation of this region, dominantly 
Savanna Woodland, differs markedly in structure and 
specific composition from the Low Tree and Shrub Savanna 
which occupies the major part of the Dugald River Area. 
This variation in the stature of the vegetation reflects 
the higher rainfall of the Bulman region, while the soils, 
geology and ore environment also differ from those at the 
Dugald River. These factors provided a suitable contrast 
for the study of the ~ffects of mineralisation on plant 
distribution. Moreover, the fact that Bulman lies some 
600 miles to the north-west of the Dugald River Area gave 
an opportunity to assess the geographical range of the 
species found to be associated with mineralisation in 
the latter region. 
The field work embodied in this report was carried 
out during the period April to November, 1962. Of this 
period, six months were spent at the Dugald River Area 
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and the remainder at Bulman . 
Previous work 
While the land surveys undertaken by the C. S.I . R. O. 
have given a valuable insight into the geomorphology, 
soils and vegetation of parts of northern Australia, none 
of the published work covers the field areas described in 
this report . Moreover, the regions studied have been 
mapped on the basis of Land Systems , i . e . areas of similar 
topography , soils and vegetation , and not on the vegetation 
as such . 
The mapping of the Barkly Tableland by Christian et 
aI , (1954) , terminates west of the Dugald River Area . 
Likewise , the Katherine - Darwin region , described by 
Christian and Stewart , (1953 ), lies west of Bulman . Al-
though some of the associations and species mentioned in 
these reports have been found in the present studies , 
therefore, considerable variations in the vegetation are 
apparent . 
Several other investigations have been made into the 
distribution of the major vegetation units in northern 
Australia but, like the C. S. I . R. O. surveys , the scale of 
the accompanying maps have been too small to be of much 
assistance in the present study. Blake, (1937), has 
described the vegetation occuring over a large sector of 
western Queensland . On his map, the vegetation of the 
- 4 -
Dugald River region is indicated as a Eu~alyptus brevi-
folia (ex pallidifolia)- E. leucophylla - Triodia 
community. However, E. leucophylla was not collected in 
the present study, while a considerable part of the vege-
tation of the region is dominated by species of Eucalyptus 
other than E. brevifolia. 
The vegetation of the Arnhem Land Aboriginal Reserve 
has been studied by Specht and Mountford, (1958). These 
authors class the vegetation of the Bulman region as Tall 
Open Forest . In the same report, Bateman and Specht give 
a short account, with a species list, of the Bulman vege-
tation. However, most attention was apparently given to 
the area lying to the east of the Wilton River, (Fig. 41). 
Relatively few of the species listed were collected in the 
study area, while there is an overall dissimilarity in the 
major vegetation units. 
It is extremely likely that the old prospectors used 
variations in the plant cover as a guide to ore in 
Australia. In 1897 Skertchley described the species 
Polycarpaea spirostylis F . Muell . in a report on the mines 
of the Watsonville district of eastern Queensland. This 
author first noted the plant in 1895 and, "subsequently 
found the plant in plenty over all the copper regions 
described in this Report ll • The species not only grew 
directly on the ore outcrops , but was also noted along 
watercourses draining the mineralised zones . Skertchley 
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remarks that, in his experience, the plant could be 
detected more readily than the copper-bearing outcrops, 
and hence, "could be of real value in prospecting for this 
metal'( • 
In a paper entitled , "Some Indicators of Ore Bodies" , 
Lidgey, (1897), remarks • . .••• 
"In the Bendigo district for many years and to 
a limited extent at present, it was considered 
that the Victorian Ironbark, (Eucalyptus 
leucoxylon) was a distinct indicator that the 
country on which it grew was auriferous, and that 
only there on would payable reefs be found . 
There is a gJod deal of truth in the statement; 
yet it cannot be considered as invariably true , 
as payable reefs have been found where the 
Ironbark never grew H • 
While more recent investigations into the plant 
prospecting method are fairly common for regions with 
temperate climates, reference in ' the literature to their 
use in tropical regions are comparatively rare. In 
Rhodesia a study of the plants growing in 'the "copper 
clearings", sparsely-vegetated zones over near-surface 
copper mineralisation, was begun in 1949 and led to the 
discovery of the indicator plant, ~ecium (ex Ocimum) 
homblei (de \,'ild) Duvign . ("v'oodward, 1959). This species 
has been found at 28 out of 30 copper occurences from 
near Lusaka to the Belgian Congo: in the case of the two 
exceptions, the soils over the mineralised formations 
were deeply leached and were low in copper. The flower 
follows faithfully the line of the deposits investigated , 
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its mapped distribution being almost identical in outline 
with the underlying ore- body . Occasionally , small clumps 
of the plant have been discovered some distance from 
mineralised zones . 'rhese occurrences, however , were 
almost invariably along "dambos " draining from known ore -
bodies . 
In neighbouring Katanga , Duvigneaud , (1958) , and 
Duvigneaud and Denaeyer- de- 3met, (1963) , have made wide -
spread studies of the flora of the numerous mineral depo-
sits which occur in this region . Separate florae 
characteristic of copper- cobalt - nickel , lead- zinc and 
manganese deposits have been described, and the species 
associated with mineralised occurrences classified 
according to their distribution within these areas ~ 
In spite of the fact that the level of copper in the 
soils overlying the ore- deposits may reach very high 
concentrations, symptoms of metal toxicity in the plants 
are very rare unless the equilibrium has been recently 
disturbed, e .g . by recent mining . ~his contrasts with the 
situation in the Rhodesian copper clearings, where 
Duvigneaud and Denaeyer-de- Smet , (ibid ), report that 
chlorosis and necrosis are very common . The authors there-
fore conclude that the flora of the Katanga deposits is in 
equilibrium with the environment . On the other hand, the 
absence of a well-adapted copper flora in Rhodesia is 
considered to be due to the lower tenor of copper in the 
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soil overlying the ore-deposits, and to the fact that the 
mineralised zones are more widely separated. ' 
Few studies have been made of the plant analysis, or 
biogeochemical, method of prospecting in tropical terrain, 
though again investigations in temperate regions have been 
more numerous, (see Section D). The concentration of lead, 
zinc and silver in the leaves and twigs of several species 
of savanna trees from the vicinity of lead-zinc minerali-
sation in Nigeria was studied by Webb and Millman , (1951). 
Lead was found to give biogeochemical anomalies many times 
wider than the lead-zinc lodes. The distribution of sil-
ver was erratic , but it was suggested that the element may 
have limited value as a path-finder, i.e. an element which 
can be used as a guide in searching for buried ore-
deposits when the principal ore-metal cannot be easily 
traced, (Warren and Delavault, 1956). The status of zinc 
as an index mineral was lowered by the relatively poor 
sensitivity of this metal with the spectrographic method 
used for the analysis . Several lead-zinc anomalies were 
detected over virgin mineralisation, however, and the 
authors concluded that the tree sampling method might 
prove a useful prospecting technique. 
The possibility of using plant prospecting methods in 
the search for uranium in Australia was investigated by 
Debnam, (1955) . A simple uranium indicator was not dis-
covered, though the tree Xanthostemon paradoxus was found 
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to accumulate larger amounts of uranium than other tree 
species from the same locality . 
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PART 1: GENERAL ENVIRON1l:L8NTAL FEATURES OF NORTHERN 
AUS'rRALIA 
For the purposes of this description, northern 
Australia is taken to be that part of the continent 
lying north of the Tropic of Capricorn . Particular 
attention is focussed on the central part of this region, 
in which bo-:h the Dugald c1iver and Bulman Areas are 
situated , and on the interrelationshi ps between the 
factors of climate, geol ogy , geomorphology and soil on 
the distribution of the major vegetation units . 
( 1 ) . C 1 iilla t e 
The climate ranges from tropical , moderate to high-
rainfall in the coastal regions to tropical, semi- arid 
to arin in the interior . 'rhe average annual rainfall in 
the eastern coastal districts cOlnffionly exceeds 60 ins . , 
particularly heavy falls occurring where the south-east 
trade winds strike mountainous regions . In parts of the 
Northern Territory , the north-west summer monsoon produces 
annual rainfall figures in excess of 40 ins . 
Proceeding inland, the rainfall and humidity show 
a marked decrease until, near the centre of the continent , 
desert conditions persist . The Bulman and Dugnld River 
Areas lie in the semi-humid to semi-arid zone , with average 
annual rainfall figures of about 35 and 17 ins . respect-
ively. Nenrly all the rainfall received occurs between 
the months of November and April , though, particularly at 
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Bulman, light showers are not infrequent during the 
winter . The wet season is characterised by high tempera-
tures, commonly in excess of lOOoF . , humid conditions and 
predominantly north- west winds . During the dry season 
the wind direction is reversed, the temperature and 
hilllidity falls Rnd the diurnal variation increases . 
The rainfall is sufficient to support tall Evergreen 
Rainforest in parts of th8 eastern coastal districts, 
while , for a similar reason , parts of the Northern Terr-
itory are occupied by dense ~onsoon Forest . Inland, the 
long dry season has a marked effect on the vegetation ! 
The overall height of the dominant stratum diminishes as 
the rainfall decreases . Many of the tree and shrub species 
are sclerophyllous and, particularly in the north , dry-
season deciduous species are also cOJnillon . The annual 
grasses and herbs survive the dry season as seeds, which 
germinate when the first rains of the following wet season 
are received . The perennials die back during the winter 
lnonths, growth being resumed from vegetative buds at the 
onset of the rains . 
The climate has had a marked effect , not only on the 
physi08nomy of the vegetation types occurring within this 
region, but ~lso on their distribution . This, however, 
will be discussed later in this section . 
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(2). Geolog~ and ph~siog~~ 
On a geological ~nd physiographic b8Sis, the 
northern half of the Aust r alian continent can be sub-
divided into three main units, namely: - the Eastern 
Highlands, the Great Australian Plateau, and the 
Artesian Basin . 
The Eastern Highlands form the "backbone" of the 
continent, separating the narrow coastal strip with sea-
ward drainage from the vast interior, where drainnge is 
either north and west, to the Gulf of Cnrpentaria, or 
south-eastwards towards the Lake Eyre system . A wide 
ran;e of rock types outcrop in the Highlnnds , the older 
formations now b2ing strongly folded Rnd in places 
intruded by igneous rocks. 
The Great Australi~n Plateau occupies the major parts 
of the States of "estern Australia ~nd the Northern 
Territory, aver~ging between 1000 and 2000 ft . in 
elevation . In places smaller plnteaux and rnnges rise 
above the general level, such as the r'b.cdonnell Ranges 
in the southern part of the Northern Territory , the 
Hammerslcy Ranges in the far WGst of \"/estern Australia 
and the Isa Highlands in Quc ~~sland . The Plateau is 
underlain for the most part by Pre-Cambrian rocks, some-
t ~ T'1·;"" ".G '-' :: '" '1 iJ~ifi~d by the flat-lying Cf-I.mbrian lime-
stones of the Bnrkly 'Cablelnnd , wi th ~ thin cover of 
younger s0dimcnts . Over the greater pnrt of the region 
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desert conditions prevail, ~nd drainage is intennittent . 
Separ~ting the above two regions of upland r elief, 
and covering the gren.ter pnrt of the State of Queensl"tnd , 
is a wide structural basin containing flat-lying sedi-
ments of Palaezoic, Meso zoic and Tertiary ages . North of 
the l a titude of Cloncurry, (Fig . 1), the Great Artesian 
Basin is sub-divided into two smaller sub-basins by the 
Euroka Ridge : in the Carpentaria division to the north , 
drainage is towards the Gulf of CarpentRria, while in the 
southern , Eromanga basin , inln.nd drainage persists . 
'rhe Dugald River Ar~a lies near the border between 
the Isa Highlands, which form a narrow upland ranf-e of 
Pre-Cambrian rocks protruding in a north-north-west 
direction from the Great Australian Plateau, and the wide 
plains of the Carpentaria sub-basin . The Bulman Area 
occupies a simil~r position with respect to tho Australian 
Plateau, occurring noar the boundary between this unit 
and the lower Arnheru Land Plateau in the far north of the 
continent . 
The wide plains ~nd steep-sided residuals of the 
central part of the continent l~aves little doubt that 
processes of pediplanation , by scarp retreat and the 
formntion of p~diments, have played a major plrt in 
fashioning the present-day land surface . In the Eastern 
Highlands the relief has been influenced by the Inrge-
scale folding and faulting which affected the region in 
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Mesozoic and Cainozoic times, but even here remnants of 
former Cretaceous and Tertiary pediplains stand out as 
plateau remnants . 
There seems to be general agreement that at least 
three periods of subaerial erosion have occurred . The 
earliest predates the Mesozoic sedimentaries of the 
Artesian Basin , the Gondwana Surface of King , (1949), 
while the two later periods h~ve been assigned an early-
to mid- Tertiary and a late-Tertiary age by Twidale , (1956) . 
This author has suggested that Interitisation may have 
accompanied the earliest cycle, but the mRin period seems 
to have occurred in late Tert·~ary times . 
(3). Soils 
'1ith the exception of th~ lateritic soils , which show 
evidence of having been formed under more humid conditions 
than prevail in northern Australia at present, the majority 
of the soils occurring within the region are characterised 
by the l~ck of any well-defined textural differentiation . 
Profile development h~s been ~rrested by a variety of 
factors, such ns the lack of a dense vegetative cover, 
thereby leading to increased erOSion , and the low rainfnll . 
The seasonal distribution of the rains, and their short-
lived, but sometimes intense , nature, provides conditions 
for the r a pid removal of nccumulnted deBradation products 
by shuet-wash erosion . Moreover , the fact that n large 
part of the region seems to h~ve but recently emerged 
-~--------------- ---
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from below a cover G~ 01~~- ~~~lS; m~~~s that the 
processes of soil formation have only been able to act 
on the exposed rocks for ~ ~elatively 8hort period of 
timc. Hence, in most cases, the developing soils are 
at ~ relatively juvenile st2ge . 
~n~ge parts of the uplp~d arGas, such as the Isa 
Highlands, the Eastern Highlands 8~d the Arnhem Land 
Plateau, are occupied by S~eletal Soils. Theoe consist 
of shallow, gravelly soils wit~ a large proportion of 
coqrse-textured material derived from the underlying 
bedrock . L8rge sectors of both the Dugald River and 
Bulman Jreas are occupied by this soil type . The soils 
are extremely variable, their characteristics being 
largely governed by the nature of the parent material . 
As me~tioned above, relicts of lateritic soils are 
widespread throughout northern Australia, and occur in 
the Dugald River :md Bulmqn Areas, though particularly 
common in the latter . Residual Lateritic Podsols ~nd 
Sandplains occupy a large part of Cape York Peninsula, 
smaller areas near the Gulf of Carpentaria and pqrts of 
the Eastern Highlands . They comprise deep, highly-
leached profiles with abundant ironstone gravel and a 
layer of nodular, pisolitic or massive laterite. Beneath 
this horizon, zones of mottled and white kaolinitic clay 
are generally present : these are ter,;led the Mottled and 
Pallid Zones respectively. Within these horizons, an 
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intermittent zone of siliceous material - Silcrete - is 
somotimes developed. The soils are deficient in trace 
elements and extremely low in phosphorus . 
The l~teritic soils occur on tableland relics and 
plateaux of supposed Pliocene age, (Stephens, 1962), 
when the l and surface was apparently one of low r elief 
and more humid conditions prevniled than those at the 
present day . The laterite and companion materiRls are 
considered to h2ve been formed under the influence of a 
se~sonally fluctu3ting water table, by deposition of the 
iron and nluminium oxides in the form of laterit e , and 
removal of iron in solution from the kaolinitic horizons 
below . 
At present, some small ar eas h~ve the original soils , 
but over the greater p~rt of the region the profile h~s 
be en destroyed by subsequent weathering . In the Dugnld 
River Area the laterite and pallid zones are still pre-
served on the summit of an isolated mesa of Mesozoic 
rocks, but elsewhere this soil type is represented only 
by scattered ironstone nodules and ferruginous stains. 
Remnants are more extensive in the Bulman Area, however, 
though here the original Interite horizon h3s been l~rgely 
removed. Large p~rts of the region ore underl~in by a 
deep layer of fine - grained white chert - the ~ilcrete 
horizon - covered by a ven~er of laterite nodules in a 
fine-textured matrix . 
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The wide alluvinl plains of the Barkly TablelRnd and 
the Great Artesian Bnsin are occupied by the Grey 8nd 
Brown Soils of Heavy Texture . These consist of 8 uniform, 
grey or brown clay, several feet in tbickness, with small 
amounts of lime 8nd gypsum near the base . During periods 
of prolon8ed dry weRther the whole profile may be 
traversed by a series of vertical or sub -vertical cracks, 
an inch or two in width, while during the rainy season 
the soils arc generally flooded . 
This soil type is represented on th0 flood plqin of 
one of the il[\j or rivers whj_ch traverse the Dugald River 
Area , while a closely-o.llie 'l soil gives rise to the low-
lying Bl'l.ck Soil Plains in the Bulman region . Stephens, 
(ibid), considers these soils as wenkly-hydromorphic 
soils which h8ve developed on fine-textured alluvial 
material in nreas subject to occasional flooding . The 
latter hqs been sufficient to produce the hydromorphic 
char'tcteristics, without rellloval of the lime nnd gypsum 
present in the profile . 
rhough its small scale detracts from its valuc, (thus 
the l~tcritic soils in the Bulmnn region are not 
represented, even though they here occupy quite 8 wide 
area), thc soil m~p of Australia pr~pared by Taylor, 
(1955), provides useful informRtion on the factors con-
trolling the distribution of the mnjor soil types . The 
SkeletRl Soils nrc lnrgcly restricted to the upl'tnd 
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regions, where present - day erosion suffices to reTlove 
the bulk of the fin2r- textured material as it is formed. 
From the distribution of the Residual Lnteritic Podsols 
~nd Snndplains, it is p~obable that these once covered 
large arens no~ occupied by the Skeletal Soils . This, 
too, has had ~n importnnt influence on the extent of these 
essenti~lly nnscc~t soils . 
Conversely, the l~teritic soils are restricted to 
those nreas where the former land surfnces on which they 
were dev2l.oped have been little affGcted by subsequent 
dissection . In regions of low elevation, such ns those 
to the south of th8 Gulf of Carpentaria, the lateritic 
relics h~ve been preserved by virtue of thc low erosional 
powers of the rivers which traverse these plains . When 
occurring in upland areas, however, their preservation 
is related to the fact thqt these regions are largely 
sheltered from the effects of present-day fluviatile 
erosion . Examples of this type of occurrence are to be 
found on p~rts of the Barkly Tqbleland and on the Eastern 
Highl 'lnd s . 
The former geornorphologicnl history ~lso h3s a close 
bearing on the present-day distribution of the Grey and 
Brown Soils of Heavy 'l'exture . It will be recnlled that 
these soils occur on low-lying areas of finG-textured 
mat8ri~1 . This runy be of fluviatile origin, ~s on the 
flood plnins of the former or oxisting river systems 
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which traverse the Artesian Basin , or of lacustrine or 
swamp origin as on the Barkly Tablel~d in the Northern 
Territory, (Christian et aI , 1954 ). 
Although the climate has a marked influence on the 
character of the soils now occurring within the region, 
serving to keep them at a comparatively juvenile stage 
of development , it appears to be a relatively unimportant 
fnctor amongst those governing their distributions . This 
is related to the lack of any major relief features , and 
consequently the absence of any abrupt climatic ch~nges, 
throughout the central 8.nd northern parts of the conti-
nent. Prior climatic regimes of more pluvial conditions 
have had an important bearing on the characteristics of 
the lateritic soils, however . Likowise , past geo-
morphological history has been a major influence on the 
distribution , not only on these soils , but on that of the 
other major soil types. 
(4) . Vegetntion 
Tha cl~ssification used in the vegetation map of 
Australia by Willi~ms , (1955) , is based primarily on the 
structure and life form of the vegetation units and 
largely ignores floristic composition . The vegetation 
has been subdivided into five l1 forms ll , i . e. Forest, Wood-
lnnd, Shrub Communities, Sqvannah' 8nd Grassland', Within 
these divisions "sub-forms" h'1ve been recognised using 
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the criteria of leqf tc~t~rG of the dominants, whether 
the dc:nin:mts <1re single- or multi-st emmed , nnd wh8thur 
uni- or mUlti-storeyed" 
rhe following dC80ription of the vegetation units 
occurring in the c c~t~~1 ~~d northern parts of the cont~­
nent is l"".ned oa t~,: f"1.,,:b - for~"1s . It should be added, hc'-;-
ever, th.:tt these Elr() ; . ...,.:~.J up of numerous vegetation 
;'associC'ttions" 2nd "com':l~ni ties;!, which, in contrast to 
the larger units? are clQss ified on the basis of their 
floristic co:nposition . ~hese subdivisions h2ve be en u~~J 
for the clnssification of the vGeetation of the DuC,:ld. 
River and Bul~cn AruRs. Finnlly , within the nssociAtic~8 
and communi ties, pl::mt "asse!'1blages fI mny be recognised, 
composed of a small nu~ber of individual species whose 
distribution is restricted to relntively small nr eas and, 
generally speaking, to a narrow range of habitnts . 
Examples of such '1ssemblages 8re those occurring over the 
ore-deposits within the study-areas . 
Forests are restricted to the high-rainfall districts 
of northern Australia, ~s on the coastal strip of eastern 
Queensland and in the north-west coastal districts of the 
Northern Territory. Inland, these give way to n variety 
of sub-forms, of which thu Tropical Woodland is the most 
abundant . This is '1n artificial group brought together 
for mapping purposes, '1nd including Tropical Savannah 
Woodland, Tropicnl Deciduous Woodland nnd Tropical 
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Layered Woodland. TL€se occupy a wide belt of country 
with moderate to high rainfall ill t~w ' northern JY.3,rts of 
Western .Austral:i.a and t he Northern Territory , and on the 
Eastern H:ie.hlands tn Qu.eensland.. T..h.e climate of -these 
regj.ons is characiJertsed . by' a pronounced dry seas ... m of 
between three and nine months. The vegetation is there-
fore adap.ted to l r'Lg perio.ds without significant rainfall 
Many of the .tree and shrub species have sclerophyllous 
leaves , while in the Deciduous Woodlands the dominants 
are decj.duous or part - deciduous. 
The dominant stratum forms an open cannpy, sometimes, 
as in ' the Layered Wo~dlands , with a subordinate layer . of 
smaller trees, 7 to 10 m. In height . A sparse shruh 
stratum is generally present, while the groun~ storey is 
dominated by a fairly dense growth of annual and perennial 
grasses. In higher-rainfall areas , as in the northern · 
parts of. the Northern Territory, these may reach a con-
·siderable height . . 
The Troptcal Woodland sub- forms occupy a wide variety 
of soils, ranging from Skeletal Soils t ·o Residual 
Lateritic Podsols and Sandplains , and occur in regions 
differing markedly in relief and elevation . It would 
seem , .therefore , that their distribution is . largely 
governed by clj~tic factors , of which the most important 
is probably the seasnnal nature of the rainfall . 
The veget tion of the Bulman region is dominated by 
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TropicRI Savannah Woodlnnd, but as the climate becomes 
drier tow2rds the interior of the continant, this, and 
the allied sub-forms, are replaced by a complex of Low 
Arid Woodland, Scleropbyll Low Tree and Sclcrophyll Shrub 
Snvannnh . :.rhesc OCCUp? a wide belt, which includes the 
Dugnld River Aren., south of the northern development of 
the Tropical Woodland. Eastwards, they give way to Semi-
arid Tussock Grassland n.nd Sruni-arid Shrub Sav~nnRh on 
the wide plains of the ~rtesian Basin . 
The Lovl Arid Woodland is the most widespread of these 
sub-forms . The domin3nt trees, often Eucalyptus spp . , 
are generally of a lower stature than those of the 
Tropical Woodlands. Gener31ly they do not exceed 10 m. 
in height, with an open to al~nost continuous canopy . 
SubordinQte strata of shrubs or sub-shrubs are sometimes 
present, while tho ground In.yer, generally discontinuous, 
consists of a high proportion of short-lived annual 
species . In som~ regions, however, the perennial grass, 
Triodia spp . , forms the domin~nt of the herbnc~ous layer~ 
With an increase in the spncing of the dominant 
stratum, this sub-form grades into those of the Scleropyll 
Low Tree or 3chlcrophyll Shrub Snvannnhs . In thuse the 
tree or shrub layer is generally compos~d of species of 
~~.9a~us, Grevillea, Haken or Acacia . The hurb3ceous 
layer is dominnted by sclcrophyllous hunnnock-forming 
grosses, such ~s Triodin epp. Much bare ground is present 
- 24 -
between the hurnnlocks, though after rnins the intervening 
~rens may b~ occupied by numerous ephemeral herbs and 
grnsses . 
Although lurgely restricted to regions occupied by 
Skelet~l Soils, thc Low Arid Woodland and associated sub -
forms ar8 also developed in areas of deeper soil , such ns 
the Lateri tic Snndplnins . The Woodland sub-form is fOl"1d 
throughout the region between the 30 8.nd 10 in . isohyet 
towards the lntter it occurs on light ridge soils , on 
alluvial soils near w~tercourses, or at the b~se of rocky 
outcrops , where run-off wntur is nvnilable , (Williams , 
1955). It would appenr thnt the distribution of these 
vRrious sub-forms is Inrgely governed by those edqphic 
factors which affect water supply . The lower stature of 
the domin2nt species within eqch strntum, compnred with 
those of the Tropical Woodlands, is related to the more 
rigorous climntic conditions under which these sub- forms 
exist . 
To the south of the main development of the Low Arid 
Woodlands , the wide trncts of Grey and Brown Soil of 
Heavy Texture in Western Queensl'1nd nnd the Bo.rkly 'l'ablc-
land '1.re occupied by the Se 'li-lJ.rid Tussock Gr'1.ssln.nds . 
These are dominnted by CO'1.rse xeroroorphic tussock grasses , 
chiefly Astrebla Dpp . and Iseilema spp . Willi'ms , (ibid), 
considers thnt, litho grasslrmd is the n .? tural climnx veg-
etation, limitcd within the 10 to 18 in . rainf~ll zone by 
- 25 -
herJ.vy soils with 0. r8l2.ti vely high nutrient status '.:md 
modcr8.te to poor dr3.innge·;. As previously :;'lontionGd ~ 
these soils occur to n. limi tod l)xt(mt in the Dug'lld Rj_-.,re:.~ 
Areo., nnd h8re c~rry the chn.racteristic vegctntion des·· 
cribod n.bove . 
Minor nrcns of light- textured soils within the Grt:ss·· 
lnnd zone; arc occupied by Semi-~~id Low Tr~e and Slmi-
arid Shrub Sav2.nnnh . Thos8 cO~'riso n. low tre~ or sh~u~ 
layer, 5 to 8 m. in hei~ht, \"/i t"f1 1. disc ont:i.nuoUf3 er 0l):':I(" 
storey lo.rgely compos\...d of ,~nnu.:ll g~c.:lsses. 
Vlhc::ren.s the cli~llnte is 2.ppn.::'cmtly t!:te do;::ino.nt :;:Cl.ctor 
governing vegetn.tion distribution in the htghe::,-rninf2l1 
districts of nath8rn Austrnli~, other factors assume n 
greCl.ter importance as the climatc 9 p8.rticularly th8 ro.in-
fnll, becomes more limiting . ~hus the Forest ~nd Tropic1.1 
Woodl'1nd SUb - forms , while restricted to a relatively 
narrow r::\nge of clinntic conditions , occur in regions 
markedly different in soil type and elevation . Inland, 
it appears that those factors , chiefly relief nnd soil 
depth ~nd toxture, which control the supply of wnter to 
the plant roots h1.ve the greatest influence . Thus low-
lying :1rens subjvct to occasionnl flooding support 30F1i-
Arid Tussock Grassland . The nbsoncc of treos from this 
environment is presum~ably related to the water-logged 
condition of th~ soil during th0 wet soason . On the othGr 
hand , tho bettoI'-drftined Skele tal Soils :",nd L'1teri tic 
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SQndpl~ins, which norm~lly occur on higher ground , carry 
n woodland or saV2nna vegetation . 
The marked effect which the Goil-moisture status h~s 
on the distribution of the mnjor vegetation units has 
been borne out by the studies in the Dugnld River nnd 
Bulman Areas . 
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PART 11: FIELD 'r)~CHNIQUES 
(1) . V~t~tion studies 
(.:1) . Tl'nnsGcts 
Transccts were directed tow~rds g~ining a quantitative 
estimation of the vnriqtions in the herbac eous , shrub and 
tree strnta within ar~~s of interest . After initial 
reconnQiss~nce , suitnb10 traverse lines were l!id out, 
generally at right nngles to the dir8ction of the bound:l-
ries bctw~en th~ v~gGtation units . 
A qundr~t, consistinf of n wire square measuring 3 by 
3 ft . , w~s used to record the changes in the ground vege-
tation . 'Vherc this showed much variation the trqnsect 
'!vas ganerally l.tl'l.de continuous, but where li ttle divorsi ty 
was npp~rent the quadrat interv!l was increased appropri-
n.tely . Jlour qU'ldrnts WLre tnken nt each sampling point, 
giving n. fin~l qu~dr~t si~e of 6 by 6 ft . 1ithin this 
~ren, th~ p0rc0nt~ge of the ~round covered by e~ch plqnt 
sp~cies w~s r~corded, while notes were 01so tnken on the 
slope, g..;ology, height, cover by trees [md shrubs, l;tC . 
A count was tn::1dc of thl-; number of tr"e lnd shrub species 
2t intervals ~long th~ tr1llSGct, using n. qun.drnt size of 
100 by 100 ft . 
Vnri~tions in the soil qlong the transect line wero 
recorded from profile pits ~nd by nugering . Height 
measurements, using an Abncy Level nnd Aneroid B~rometer , 
(sce bulo\'{), wer\1 then taken, "md soil :.:l.1ples collected 
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from e~ch soil typ0 r~prusent8d within the tr3nsdct . 
S'1mpl~s wcr8 storud jn numburvd Kr:tft p"tper b2.gs . 
(b) . r:3pping 
-3m"..11 - sco..1G iTI3.pS of the v<.:get,'1 tion of the Dugald 
Riv8r ~nd lulmqn Ard~s W0rc prepared by plotting the 
domin'1nt speci8s of e~ch stratum diroctly on to a0rinl 
photograph enlnrgements . In the former Area, ground 
control wns est'1blished from nn 2ccurately surveyed b~3a 
line . 'rhe voget~tion of this 3.rea was also surveyed '1nd 
photogr'1phcd fro'l '1 sm3ll qircrnft , giving valuable 
infor~qtion on the distribution of the mnjor vegetation 
units '1nd providing 3. ch~ck on the ground work . 
Sell;c ted ~r0!1S were d.'1ppod on a largc:r sc qlc . A grid 
WAS l\id out in the field, ,nd variation in the vegetntio~ 
pl otted on squnr~d paper at ~ suitnble scale~ normally 
1 in . to 100 ft . 
( 2) . !3oils 
In addition to tha soil studies made '1long~he tr'1nsect 
lines , furth8r profile pits wero sunk in ar8~S illustrntive 
of th~ major soil types occurring within the regions . 
The profile exposed in the pit wns duscribed lnd photo-
graphed . The texture of th0 various horizons w~s record-
ed using th..: m0thod described in the , "Field Handbook", 
of thu Soil Surv~y of Graqt Brit'1in . Colour mU'1sur~ -
mcnts weru m:-:.de on the Iv.unsell SC'1le, '1nd nn ostinntion 
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of the nffiount of li~e pres ent o~tRined with dilute 
hydrochloric :'lcic.. . S'..~:;J~lemcmtary info:::'D1.tio~ on the 
slope, rock type, surf~cc feat~~cD 3nd vcgct3tio~ were 
recorded ,t 82ch p~ofila pit . Soil samples for geo-
chemical ~nd major/t~~sa clement analy~iD wero collect c: 
from each soil horizon . 
( 3) . GGochemi~8.l s:"':.~21.:i ~R;. 
As mentioned previously, the Dugnld River work \7"1S 
made in conjunction with ~n inv~stigation of th0 gco-
ch~~ical dispersion of copper, lead and zinc in the rocks) 
soils :md stream sediments of the area, undertr:tken by 
Nicolls , (1964) . Since extensive use has been made of 
Nicolls' results for th~ soils in the discussions of 
plant distribution in mineral is ed ~reas, and since the 
tuchnique was used by the present author in the B~lmnn 
Area, n short account of the methods used is given here~ 
For a fuller description, refurence should be made to his 
thesis . 
Soil s'3.:nples were normally collected from a depth of 
4 to 6 ins . , though in ~r0qS of tr3nsported overburden 
deeper sampling was required . After a series of ~nalyses 
on the different size fr'l.ctions in Cl number of SOils, it 
was decided to use the ulinus 80 mesh '118.teriql for routine 
srunpling . It Rppenrcd that the contrast between the 
smnp10s '/ms bust in the coarser mClterial , but the 
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represent::1.1:;i vi ty of such 2" S,r"'~Qpll:) would. be poor at the 
0 . 1 or 0 . 2 gm . samp:0 ~8ights required by the analytical 
procedure . The o.nC'.lysis for "'rotal i t met:l.l content V'1.:-' 
carried out using a ~ot~ssium bisulphate fusion followee 
by a hydrochloric ~c~~ le~ch . Thu colorDnetric procedurQG 
used for the determin~tiQn of copp8r , lead 2nd zinc in 
the soils formed th8 besis of the methods used for the 
analysis of plant ~sh by the present writ~r, And arc listpd 
in App(mdix B. 
The samples "Yere nor:r.811y c ollec ted along n series of 
traverses laid ou~ at right angl~s to the strike of the 
country rock . The s1.Qpling interval was gonerAlly 100 
ft ., decreasing to 25 ft . or less in areas of interest . 
Over the Dugnld River Lode AreG., ::l trnverse interval of 
500 ft ., proved satisfactory , though in areas of less 
extensive mineralisation a closer interv::ll was used . 
The results of the analyses of thll s,'trnples il.long the 
traverses were either gr~phud , as indicated in the dia-
gr:l.ms showing the results of the botanical tr~nsects, or 
plotted on ~ base map and contoured as in Fig . 5 . The 
results so depicted allowed the definition of 1!Geo-
chemicnl An01tl'11ies tl , or nr0G.S where the soils contained 
'1bnormal qu::mti ti0s of the ore-tnetnls . 
Strca!.1 sediment sa.11ples were collected from the sur-
face , (0 to 2 in . ) , layer . For nll routine work the fine 
sil.nd, where 1.v~i18blc, WAS selected for sampling . A 
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s~mpling int~rval of 1500 to 2000 ft . was found suitab10 
for detccting copper, lead ~nd zinc dispersion tr~ins of 
economic signific~ncc . 
(4) . Physiogr~phy 
No contour m~ps were Rvailabl~ for the nre~s studi~d 
r:nd "tari ~l photogr.'1phs were therefore us~d . 'rh\.;sc r:re 
extrer:wly v'J.lu'1bl~ in location, 'md for plotting the 
ch~nges in the vcget'1tion or soil, physicnl f8~tures, 
etc . , but they hnve th~ dis~dvnntnge th"tt tho sc~le 
qlters nw'1Y from the c~ntr'J.l point of each photogr~ph. 
Height measurCffiunts wero mRde by means of nn Aneroid 
Barometer and B"trogr~ph . The l'1tter was set up nt the 
c1.mp site in each arc'J. '1nd the Aneroid ~djusted so th'J.t 
each instrum.;nt was rending the s .'1me pressure. The b3.ro-
metric pressure w~s r~nd on the Aneroid at suitable points 
in th~ field nnd the time noted . The difference in 
pressure between the rending ~t this locality nnd at the 
camp site was obtqined from the B'1rogrnph Trace and con-
v erted into feet, (one inch of pressure being approx-
imately 92 ft . of height) . This inform~tion W'1S plottcd 
on a base map nnd, with the nid of the ~crial photo-
graphs, rough form lin0 maps could be obtained, (Pig . 
4A) • 
The height of the Dug~,ld River c'1.rnp site was esti-
mated by taking simultaneous Aneroid rendings ut this 
locality and nt the ncnrest vurvcyed height, (Quamby 
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St3tion, see Fig . 1) . Thd 13ck of suitable surveyod 
points in the Northern Territory precluded ~ simil~r 
estimntion of the ~0ight of the Bulmnn camp site . 
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PAR']: Ill: THE DUGALD RIVER AREA 
Introduction 
The re~sons governing the choice of this ~rea ~s a 
suitable site for the fi~ld work h~vb been referred to 
in the Introduction to this thesis . The are~ takes its 
n,l.mc from the Dug'1.1d Ri v2r, which flows north ,~nd ~3.st 
to the Gulf of C~rpentari~ ~nd forms the south-e~st 
mnrgin to th~ study-nr2n . This lies some 36 miles north 
of Cloncurry , and contains n low- grade lead-zinc ore 
body, the Dug~ld Ri vcr IJodG . Numerous smnll copp~r 
showings also occur in the calc-silicate rocks which 
underlie a larg~ part of the region , ~nd th8se qlso 
afforded the opportunity for the study of plant distrib-
ution in the vicinity of minernlis~tion . 
The initial survey indicated that both the lead-zinc 
And copper deposits were gener3.11y occupied by plant 
8ss8mbl ~gcs differing 't1-"lrkodly in nppe~rcmce ?cnd 
floristics from the neighbouring vegetation on un-
miner~lis0d rocks . The status of these essembl~gcs 
within the veget~tion hierarchy of the region , however , 
w~s dependent on the recognition of the major vegetation 
uni ts . These \{ere therefore F1Ctpped over a wide nreR, I"md 
the influencu of geology , geoffiorphology , r81i8f ~nd soils 
on thoir distribution inv\3stigated . Gnu 8.ren remote from 
known mineralisnt1.on, wUTled the lIJ\.r8n north-enst of the 
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Qunrt zi te Rrmge if, W~tS selee ted for study in .£;rep,t0r 
detail . Sever~l of the species occurring in the vicinity 
of th~ ore-deposits were noted here . Moreover , the 
vnri~tions in the vegetative cover within the area well 
illustrated ths eff~ct of edaphic f~ctors on plant dis-
tribution . Lnrge- sc8le m~ps of this area were prepared, 
showing both variations in the tr~e nnd shrub cover ~nd 
in the h~rbaceous stratwn . 
Similnr m~ps were m~de of the major vegetation units 
in the r0gion surrounding th~ lend-zinc deposit . The 
distribution of the tssembl8g8s developed over the ore-
body w~s mnpp8d ~nd a series of belt transects made ~cross 
the mineralised zone . These sought to gain n quantitntive 
estimation of the v~riations in the vegetntive cover 
within the 3r~a . The transects were Inid out nt right 
nngles to the strike of th~ ore-deposit and sited to 
traverse arens where different plants dominated the 
Ilssembl3ges , 'md to cut .'1cross regions differing in 
relief, drainage ~nd ore contcnt . Variations in the 
soils occurring along th0 transects were recorded from 
pi ts, and soil s'lmplc's co11ec ted for mnj or \;;lemmt , 
spectrographic, ~nd geochemical analysis . A full descrip-
tion of thu techniques used is e;ivell in the preceding 
s0ction . 
The mnrkcd correl tion betwGen certain pl'1nts ~nd 
the ore-deposits in the Lodu Aru~ l~d to reconnnisnnce 
- 35 -
over a wider nr~a 3nd the discovery of an dxtensive zone 
of the nssembl~gc spec i es on copper- s~ained shales in nn 
nr~n ~bout six mil~s north- east of th~ lead- zinc body . 
This 10CCtlity W'lS termed the Turk0Y Creek Area . The 
investigntlons into the facto r s controlling plant distri -
bution in this region followed identical l ines to those 
in the Lode AreQ . 
It w~s felt th~t a comparison of m8tnl uptake b~tween 
the species comprising the assembl~gos 'lnd the more wide-
sprc.;ad plants might yield informntion on the factors 
gov~rning their respective distributions in the vicinity 
of the ore duposits . Sampl es of the assemblage species 
Clnd the abundrmt grass , Triodia pungens R.Br . , were 
therofore analysed for copper , lead Rnd zinc . A series 
of p13nt samples from the vicinity of the Lode W3S 
analysed spuctrogr~phically to indicate whether variations 
occurred in the distribution of other el ements bosides 
the ore- metals . 
Sampl.:;s of the assemblage SPecies WGre .'11so nnalysed 
from occurrences remote from known mineralisntion . These 
were collected to deterilline whether th~ plants , or the 
underlying soil , at thesu localitius contninod anomalous 
quantitios of or~-met[ll . Any onrichmunt might , in this 
case, indic~te th~t the occurrence of the plnnts was 
r~l'lted to thc pres0nce of unsuspected minernlisntion nt 
depth . 
- 36 -
Si~CTION A: THE CLIMATE , GEOLOGY , PHYSIOGRAPHY AND SOILS 
(I) . Climate; 
Th0 clim~te is tropic~l monsoonnl with well- defined 
wet 8nd dry seasons , nearly nll the rain being received 
betw0Gn Novomber 3nd April . Day temperatures are high 
throughout the year , but p~rticulnrly during the months 
of Oc tober, NovC:ll1ber .'l.nd December prior to the onset of 
the r'1ins . 
The ra.ins fCtll princip'J.lly ns SWllll18r storms which 
swoop ,cross b81ts of country n few or t0ns of miles wide 
n typic'l.l s~orm may yi01d one to three inches of rain . 
For this re'J.son, the distribution of r~in within anyone 
yenr is generally patchy . Some general monsoonnl rains , 
however , drench the whole countryside . 
During th2 wint0r the domin'l.nt wind direction is from 
the south-e'l.st . These cool , dry winds produce 8. sharp 
f~ll in tempur'1turo and humidity . In th(J summer, winds 
3re g~ner311y moisture-lnd~n monsoon'11 winds from the 
north-west . 
Rninf~ll 'J.nd other statistics for Cloncurry 'l.re shown 
in Tabl(J 1 . 'rhe 'J.ver'J.ge 3nnu~1 m3xirnuru temperature is 
about 900 F 'l.nd ~verage '1nnual r~inf'111 around 17 ins . 
The r'l.infall figures for C'l.rsl'l.nd Homeste'1d , approximately 
half-w':ty b0twGIJD Cloncurry '1nd the Dugo.ld River Prospect , 
aro ,lso indicnted for thd years 1960- 62 . These 'l.re 
:rable 1 Climatic Sta! ist~~s ,~,or-.J21'<2ncurr;y . 
, .... ,.." ...... ' ••••.•. ,~. .::·.- · -...:.:.;.·.·-·...!.'· ~ .. ~·i:l:.... _ .. .... 
Jan . Feb . r,"ar . Apr . Hay June ,July Aug . Sept . Oct . Nov . 'Dec . , Total 
Average rainfall, 
inches, 
~10 . of i-let days 
v t on dax . emp . , J:4 
Hin . tem~ . , OF 
9am . ael . humidity % 
3pm. ReI . humidity ~ 
4 . 73 3 . 96 1 . 86 0 . 62 0 . 48 0 .80 0 . 23 0 . 12 0 .16 
7 ' 7 4 2 1 2 1 0 1 
98 . 8 96 .8 94 . 6 90 . 3 83 .1 77 . 4 76 . 7 81 . 7 '88 . 3 
'73 . 3 '75 . 4 72 .8 67 . 0 59 . 7 54 .1 51 . 5 54 .8 .61 . 2 
I 
44 48 47 37 39 44 41 32 30 
29 ' 32 32 26 27 30 27 20. 19 
1 0 . 44 1 . 59:1 . 90 16 . 89 
2 3 : 5 ; 35 
95 .1 98 . 3 99 .7 90 . 1 
68 . 6 73 . 4 ·75 . 9 65 . 9 
29 34 I 39 39 
20 24 26 26 
, . 
w 
- -..J 
I 
Hainfall Figures_.i.9!-~ Cars~and :t-Iomestead (Approximatel'y 20 Il}iles NU Cloncurry) . 
Year . 
1960 
1961 
1962 
2. 41,1 . 33 0 . 40 2. 33 0 . 75 
1 . 04 3 . 51 .- '0 . 43 
2. 33 2. 29 3. 04 0 . 31 0 . 26 
2.00 2. 74 11 . 96 
0 .83 1 . 30' 7 .11 
0 . 20 0 . 97 9 . 40 
Sources:- C1oncurry; R. O. Sla-cyer, oICllmate of the Leichardt - Gilbert Area", in 
General Repcrt of the Leichardt - Gilbert Area, Queensland, 
C. S. I . R. C. Land Res . Series , (in preparation) . 
Carsland; C. fIlchillan, :'sq . 
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prob~bly not v~ry r81iabla, but th~y indic~te th0 c~rkcd 
paucity of r,infnll during th~ y~~rs prior to th~ prosent 
study . This h~s npp~rcntly h2d n marked 0ffect on the 
growth of the r:1ost widespre8.d shrub species, AC .'lcia 
chisholmi F .M. Bnillcy, 'dhich in plnces is roprosented 
only by dead stqlks ~nd br'lnches . 
FG~tures of the clim~tc of importnnco to the veget'l-
tion are the long dry SU'lson 'lnd the coincidonce of the 
period of m8.ximum rninfnll with thnt of high tomp~rntures . 
The vegetntion is ther~forG senson.'ll in C!.spect, mo.ximum 
growth occurring during the SUmrrJ.lor '1nd dying b:-J.ck in thl; 
dry wintGr . Mrmy of the gr~ss ':md forb species ~rG 
annual, while in sever'll of tho perGnni~l gr'lsses th8 
aerial parts die off during the dry sG8.son , 'lnd growth 
is resumed from veget,tivG buds nt the onset of the rains . 
(2) . GGncr~l geology 
The Dugald Riv8r Area li0s no,r th8 nOIth-G~stern 
m'lrgin of the Mt . Is~-Cloncurry mineral field of western 
QUQ ensl'lnd . The or0-deposits occur in Precnrubri~n rocks, 
which givG rise to a rugged range of upltmd country 
projecting northwnrds n.s a spur from the ffi.'1in development 
of the Austr'llian Shield . Eastwards tho older rocks dis-
appear below 3. cover of flnt-lying Mesozoic sn.ndstones 
nnd siltstones which underlio n lnrge pnrt of the Artesian 
Bnsin . 
The Pr~c0mbrian rocks have beon the subj~ct of 
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numerous geological investigations, recently summarised 
by Carter et al, (1961) , by virtue of the wide variety 
of economic minerals which they contain . The main metals 
which have been produced are copper and gold , though 
uranium, zinc, lend, silver , cobalt and tungsten have 
been mined in smnll quantities . 
Cartor et .'11, (ibid) , have assigned a Lower Protero-
zoic age to th~ rocks occurring within the Precnmbrian 
belt . They ~re considered to have been deposited in a 
north- south trending basin whose sediments were derived 
from nn Archnoan foreland to the west . Subsequent uplift 
to the enst of Mt . Isa caused the formation of two smal-
ler basins . Within the eastern basin the sediments of 
the Corella Formntion, which underlies the greater part 
of the Dugald River Area , were deposited . The area also 
contains R thick deposit of siliceous snndstones and 
conglomerates , the Knapdale Quartzite , but the relation-
ship between this unit and the Corella Formation are 
obscure . As discussed below , they may belong to the same 
formation . 
The Procrumbrian rocks have undergone considernble 
deformation . The s~diments of the Corelln Formation are 
now rupresented by a variety of met~morphosed \nd met~­
somatised rocks, including cnlc-silicatos and c~lc­
silic~te breccins, gr~nulites, quartzitcs , slntos ~nd 
micn-schists. Although not 0 common fe~ture, lenses of 
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grnphitic sh~le ~re of consider~blo uconomic interest, 
since they form the host rocks for the lec.d-zinc 
miner~lisation both in the Dugnld River Arc~ ~~d 2t the 
larger Mt . Isa deposit . 
In plQces the Corolla Form~tion h~s been intruded by 
gr~ites, the ne3rest occurrence being the N~raku Granite 
some eight milcs to th~ south-enst of the Dug~ld River 
Lode, (Fig . 1) . Extensive faulting h~s nlso occurred . 
Within the study nren th~ north-south Mt . Roseboe fault 
zone, which forms n series of prominent ridges ne~r the 
e~sturn m~rgin , is prob~bly the largest, (P12te 1) . 
The rcgion~l strik2 of the rocks within the Dugnld 
River Area is NNW to SSE, (Figs . 2 ~nd 3A), with ~ gener~l 
dip of between 60 to 700 to the west . It h~s been 
suggested, (Knight, 1948, 1953), thnt the rocks f D n 
l~rge overturned fold , with the Kl1.:pdnle Qu~rtzite as the 
core ~nd the sequence of rocks exposed to the enst of the 
QUC1.rtzite repG~ted on the west . Although the two succes-
sions bear certain simil~rities, the evidence from scdi-
mont~ry structures, (ripple mnrks , current bedding ), 
indicates thnt the entire sequence youngs westwnrds, 
(Thomas , 1961) . 
The r elationship between the Qunrtzite and the 
Corella Formntion, which surrounds the formor unit, nre 
obscured by f ,~ul ting -;nd poor exposure . Some of the 
contncts nro clearly discord:1nt, but f~ults h~ve not 
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been proved for 8ither the e~stern or western mnrgins . 
In f~ct, there is a closo ~greement between the ~ttitude 
8.nd strike of the QU'1rtzite .'l.nd the Corelln rocks, :nd it 
is thus possible th'1t th8 Knnpdnle Quartzite forms pnrt 
of the l~tter unit . The conrse- toxturcd n~ture of the 
sudiments indicates sh~llow w.'l.ter deposition , nnd it i112y 
well be that the unit rupresents Cl. fluviCl.tile or estuarine 
deposit, Cl. suggestion which agrees with its lonsoidnl out-
crop . 
The sequence of rocks from west to east at Line 1200N 
on the Base Line , (Fig . 2) , is shown in Table 2 , (after 
Thomas, 1961) . It should be emphasised , however, that 
the sequence indicated only applies to this sector . 
Lateral facies changes are common in some of the units , 
while both the limestone and shale horizons lense out to 
the north and south . 
Description of the major rocks types 
(i) . The shatr~ediments . 
This sequence , which contains the Dugald River lead-
zinc lode , comprises black , fine-grained , usually finely-
bedded, sericitic and graphitic shales with , in places , 
lenses of quart.z - aerici te sc'hi;sj;J.:> . Pyrite and pyro-
morphite are usually present, sometimes abundantly . A 
similar shale horizon, but with smaller amounts of lead 
and zinc, occurs to the west of the Knapdale Quartzite, 
(Fig . 2) . 
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Table 2: The Sequence of Rocks from West to East on 
Line 1200N , Dugald River Area . 
Description 
. . -. _. . -.-.- .. 
Dark argillaceous limestones 
Andalusitic graphitic shales and schists 
Dark argillaceous limestones 
Knapdale Quartzite 
Calc - silicates 
Fragmental calc - silicates 
Interbedded shales and mica- schists 
Graphitic shales with Western Lode 
Siliceous shaly mudstones 
Dark argillaceous limestones 
Micaceous Hangingwall shales 
Dugald River Lode 
Micaceous Footwall shales 
Dark argillaceous limestones 
Fragmental calc-silicates 
Fine-bedded quartzite 
Calc-silicates 
A.pproximate 
. 'rhickness (Ft . : 
... ... 
8000 
800 
800 
10000 
1500 
500 
300 
100 
100 
60 
60 
10 
100 
400 
100 
80 
·12000 
..... .. ,.,. '- .. .. - .. 
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The host rock of the lead-zinc mineralisation is a 
dense , often contorted, black, graphitic and occasion-
ally chlorotitic shale . It is veined by fine - grained 
sulphides, predominantly sphalerite , pyrite Bnd pyrrho-
tite . Chalcopyrite is sometimes present . 
(ii) . The banded arBillaceous limestone 
This rock is a distinctive black, very well- bedded, 
probably dolomitic limestone with an abundance of 
argillaceous material , now present as blebs of andalusite , 
biotite, sericite and graphite . Several horizons occur in 
the arda, and some show a considerable variation along 
strike . 
(iii) . The quartzite 
The main mass of quartzite, (the Knapdale Quartzite) , 
is massive to well-bedded, with ripple marks, current 
bedding and other features indicative of shallow water 
deposition . The sequence contains thick bands and 
lenses of coarso pebble and boulder conglomerate . A 
thin band of fine - grained quartzite also occurs about 
300 yards eqst of the Dugald River Lode . 
(iv) . The fragmcn~~l calc-silicntes (limestone agglomerate) 
The typical fragmental calc-silicates consist of 
poorly-b~dded, coarse-grained reddish rocks with nbund~nt 
fragments of quartzite, qu~rtz and, more rarely, lime-
stone and shalL . In thin section the rock is soen to 
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consist essentially of quart+, felspar, calcite, magne-
tite, haemati~e and biotite . Variations in the prop-
ortions of ~~artz and calcite give rise to siliceous and 
limy varieties respectively . The former outcrops as 
rocky ridges while the more calcareous types , being less 
resistant to erosion , form lower ground . 
Cv). The calc - silicatos 
This rock type is widespread in the region, particu-
lqrly near the Mt . Rosebee Fault Zone where it gives rise 
to low, undulnting country . From scattered exposures in 
creeks, however, it is probable that it underli es much of 
the covered ground east of the Lode Ridge . A limy and a 
micaceous variety may be recognised . The former is a 
reddish or greenish, medium to coarse-grained rock 
consisting essentially of calCite, quartz , plagioclase 
and haematite . The micaceous type is a reddiSh- brown, 
mediwn- grained rock, with a lower proportion of c~lcite 
nnd more mica than the limy variety . 
(vi) . The scapolite granulites 
This rock typo hqs been d~scribed by Edwards and 
Rnker, (1953) . The typical granuli te is a banded , equi-
granul~r rock, consisting of scapolite , pyroxene nnd 
sphenc . Bands of scnpolite ~arblG and ~apolite Piotite 
Schist are associated with the g:ro.nuli tes . 
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Mesozoic 
Outcrops of this formation are c onfined to two 
localities in the north- west of the Dugald River Area , 
(Fig . 2) . The largest exposure occurs on a mesa , which 
riscs about 100 ft . above the surrounding plnin . The 
sides are comprised of soft yellowish sandstones and 
grits containing rounded quartz pebbles , while the summit 
is formed of several feet of indurated laterite . 
A second exposure , consisting of soft red and grey 
snndstonus, was noted in the bank of Cabbage Tree Creek 
south of the above locality , (Plnte 3) . 
No fossils were noted at either of these outcrops , 
but it is probable that the sediments occurring in the 
Dugald River Area nr0 roughly equivalent to the Normanton 
Formation of Cretaceous age . The typo locality is at 
Normanton, ~bout 170 miles to the north , where the form-
ation comprises grey , fine, li thi c snndstones and dark 
grey siltatones and shqles . It is of interest that 
at this locality the top of the formation is nlso 
lateritised . 
(3) . Hinol"alisation 
(a) . Lead-zinc 
With the exception of n shale sequence lying Vlest of 
the Knnpdnle Quartzite, which contains minor runounts of 
lead and zinc :lS indicr!. ted by gGochcmical sDJllpling, 
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(Nicolls , 1964), thc only occurrence of these metals 
within the area is at the Dug'11d River Prospect . 
The deposits here arc masked in places by ferruginous 
gossans , with showings of red and yellow iron oxide, 
cerussite and yellow lead oxide, (massicot ), Rnd poss -
ibly the red lead oxide , (minium), (Carter et al 1961) . 
* The Lode outcrop forms a ridge , more or less barren of 
tre0s and the more widespread shrubs , over a mile in 
length , (Frontispiece ) . 
The main mineralised zone occurs in a north-trending 
shear in contorted graphitic shales . Mineralisation can 
be traced along the strike for morc than a mile, but the 
main ore shoot is 700 ft . long and 40 ft . wide nt the 
I 
surface . In addition, a much smaller deposit , the Westernl 
Lode , outcrops about 300 ft . west of the mnin zone . The 
chief ore minerals are galena, pyrrhotite, pyrargite and 
arsenopyrite . 
Thc shale sequence containing the Lode has a very 
restricted distribution , forming a narrow belt nbout four 
miles in l~ngth . To the north it lenses out between the 
limestone and fragmental calc-silicate horizons . South-
wards, the shale sequence thickens considerably at first, 
---------------
----.. -- .-._,-------
* Throughout this work the major lond-zinc deposit of 
tht. Dugald Ri vcr Aren vlill bo referred to 118 the Lode. 
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; ps of the Dugald I ver Lode Area , showing 
Geology , Distribution of the om ' nant l'rees 
nd ~hrubs , n the G ound le getation 
then begins to lense out between bands of cal c- sili-
cates . 
(b) . Copper 
( i) . In the black shale sequense 
Only relatively weak showings of copper occur in this 
unit . Drilling h2s revealed thnt copper is ~xceedingly 
rare in the Lode itSelf , but at the northern extre~ity 
malachite , in association with some quar t z and ferruginous 
boxworks , is exposed in the Lode shales . 
A second zone occurs in the Lode hangingwall near its 
southern end , where malachite is found in several places 
in bands of quartz mica schist . Other showings in this 
ar ea arc associated with lenses of gossanous material . 
( ii ). In the calc- silicntos 
Copper mineralisation is widespread in these rocks , 
though again most of the showings are of weak development . 
In the Lode Arofl , mr-.lachi te staining. i s COI!lIIlon 'llong the 
shnlc- calc- silicnto cont~ct west of the Lode , (Fig . 3A) , 
nnd numerous sru~ll workings have boon exploited in the 
pnst . An nbu..l1dnnce of mnlnchite is evident in the mntcrial 
of the dUI:lps , which Inrgely consists of frngnlGntal calc -
silicnt0s and calcite . 
At thlJ Li ttl' Evn Mine (Fig . ?) , '1 sh:lft hns boen 
sunk to Cl. dl...:pth of '1bout 60 ft . 'md both primnry ond 
secondary COppOI minerals worked . 'rho iUI'lcdinto ar n. 
south and west of the mine is dotted with numerous small 
pits and duops . Malachite staining and occasionnl specks 
of chalcopyrite have been traced, though in a dispersed 
form , over nu area measuring about 600 ft . in width and 
800 ft . long . 
( iii) . Other occurrences 
Near the western boundary of the Knnpdale Quartzite , 
malachite und azurite has been found in fine-grained 
biotitic sandstones . This is the only occurrence knO\vn 
within the Quartzite Range . 
In the Turkey Creek Area , (Fig . 2 ), about one ~ile 
south-cast of the Little BY!). Mine , malachite staining 
occurs in uieaceous shales over a width of some 200 ft . 
and a length of over 1000 ft . Several smaller showings 
in similar rocks were noted south of this ar8a , the 
largest being at Bedford Mine, where copper has been 
111ined from shallow pits nnd shafts . 
(4) . Physiography 
The present relief bears n close relationship to the 
g~ology . The main hill ma within the nrea is the 
proninent and rugged rango of the Knapdnle Quartzite , 
(Fig . 2) . The rnnge is about 10 mil's long in n north-
south direction and about 1 ~ mil~s in width, rising to 
between 200 and 300 ft . above the general l~vel (Plnte 
2) . The maximum elevation by An(;!roid Bnrometer wns 900 
e I i along t . Roeebee fault 
zone, Dug Id liver Are 
t r 

.1 te I {le along t . ~ogebce fault 
zone, uug Id liver Area 
o 'r ' 
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ft . above sea l evel . Parallel to the Quartzite Range 
and a lower el evation lies the ridge of the Dugald River 
Lode Shales, rising to a naximum of 60 ft . above the 
general level . As the Lode shales l ens e out to the north 
and south , this ridge is replaced by par~llel ridges com-
posed of argillaceous limestones and fragmental calc-
silicates . 
'l'he ground bc-tween the Quartzite R.'l.ngc and the Lode 
Ridge is relatively flat , with a cover of a variable depth 
of sheet wash alluviUQ , ( Figs . 4 A Rnd B) . Where the 
larger crueks trnverse this valo they have developed 
terraoes oovered by coarse al luvium derived from the 
Quartzi te Range to the west . The main dr'3.inage direction 
is from west to east in the Lode Area , i . e . transverse to 
tho region~l strike , though several of the larger tribut-
aries have cut back ~long the outcrop of the less resist-
ant rocks . 
The Lode Ridge gives way eastwards to a more or less 
uniform plain , interrupted i n pl~ces by ridges of the more 
siliceous rock types , such as the frag111ental c"\lc-sili-
oates. The level interfluves arc covered by a thin veneer 
of sheot wash alluvium. Further cast agnin the ground 
rises in n series of low hills to the second nnin area of 
upland topography . This co .. lprises 1 series of north-
south trending ridges of which the highest , Mt . Ro<">cbeo , 
risos to about 840 ft . above sen leve1 ~ (Plate 1) . 
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Much of the area to the north and south of the 
Quartzitc Rnnge is occupied by the level flood plains of 
the Dugnld River ~d Cabbago Tree Creek . To the west the 
RfLngo gives wny to a series of low hills composed of 
nrgillaceous limestones . The base of the Range is flanked 
in many locrtlities by gently inclined fans of coarse 
quartzite debris , appnrently derived by mnss movement 
from the higher ground . This IJ1nterial may extend for up 
to a mile on to the plains , whero it grades into finer-
textured naterial . These tracts arc trn.versed by doeply-
incised crecks, whose headwaters frequently lie in the 
Qunrtzite Rnnge . 
In the north-east of the are8. 1VI8sozoic rocks outcrop 
in n SI:113.11 mesa , with an elevntion of about 630 ft . above 
sen level ~d 100 ft . nbove the surrounding plain . 
The raajor rivers, i . e . the Dugald River IJ.nd Cabbage 
Tree Creek , drain fron south-west to north-east . Flow is 
restricted to the wet season md , 8.1though scnttered 
water holes may be found :).t low points in the river bt)ds , 
few of these survivo the dry senson . The rivers, in 
c Ol'UolOn with the rmj or cri..cks, arc deeply incised . Flood 
plnins up to n nile in width h~vo boen developed where 
th rivers traverse less resistant roelw . 
(5) . Evolution of the landsenpe 
It is probable that the orao. lay nc~r the edga of the 
ba.in of scdi"on~ntion during thu Crutaceous p riod . 
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as witnessed by the coarse c13stic nature of the rocks 
of this ern within the region . The f l at-lying disposition 
of the sediruents , and th8 fact thnt the summit of the 
I\:esozoic MesCt lies below that of the Quo.rtzi te Range , 
suggest th~t, unl~ss faulting be presumed , the latter 
formed a prooontory into the deposition basin . 
At the close of scdiment~tion the nr2a was uplifted 
nnd thc widespread Austrnlinn pediplain of King , (1949) , 
wQ.s forLwd . 'rhis h3S b8cm variously dated [lS probably 
Tdiocen;e by Stewart, (in Christian Md Stewnrt, 1953) ~:md 
Pliocune by Whitehouso, (1941) . In the Dugn1d River Area, 
erosion h.'ls destroyed much of the surface , but it is 
still preserved on tho summit of the r.Tesozoic Mesa , the 
Quartzi te Rcmge and Mount Rosebee (Plc..tes 1, 2) . The 
najor rivers of the area , the Dug~ld River and the 
Cabb~gc TrUE: Creek, werc probably initiated on this sur-
face . They flovr south-west GO north-east , i . G., diagonally 
Clcross the strikIJ of the goology and thc main physicnl 
fenturos . 
Lateriticntion is associnted with this surf~ce in 
l~~ny pnrtc of Austra1i~ . Lc..tcrit o is still preserved on 
the sw~dt of t ho Bosozoic hlos~, but it has apparently 
been r emoved from the othor regions of higher country by 
subs\.;!quunt erocion . In thu Co.so of tho Qunrtzite Range , 
however, the following obserVations U'1Y testify to i tM 
forner occurrenc e : 
. j 
I 
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A. Laterite nodules were found in fine stream 
alluvium near the western edge of the Range . 
B. Deposits of quartzite rubble up to 12 ft . thick 
and cemented by a ferruginous cement were noted at 
several localities near the north end of the Range, 
(Plate 4) . 
At one point , this type of deposit extended across a 
stream channel within the Range, but generally they were 
developed at the foot of the higher ground opposite 
valley mouths . They have been breached by the present 
day streams, suggesting that they have at least an early 
Recent age . It seems quite probable that the iron oxides 
with which the deposits are cemented have been derived by 
solution of a lateritic crust on the summit of the Range , 
and subsequent re-deposition in the stretches of rubble 
at the base . 
As previously nlentioned , erosion has destroyed the 
bulk of the Australian pediplain . AS the rivers reached 
the new have level, they deposited the extensive tracts 
of floo plain alluvium which now border their courses 
over much of their length . l'his alluvium generally 
consiet n of fine san s and silts, but stretches of fine 
grey clay near Cabbage Tree Creek also seem to have a 
fluviatile or lacustrinc origin . Th ~C now generally 
lie at some di.,.tance from the river nnd separated from 
Plate J esozolc G ndstone8 in' ban 
of Cabb ge . re er k 
t d u rt it Iub 1 at 
. e ~ n 

Pl to J esozolc ndstonee In' b 
of Cabbage . ree er k 
1 te 4 it rub le at 
-orlh en" 
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it by levee and flood plain material. It is suggested 
that they represent the sites of former swamps or lakes, 
which became cut off from the river by the formation of 
levees; during periods of flood, the river overflowed 
its banks, depositing fine clay which gradually filled 
the depressions. 
Following on this period of dominantly fluviatile 
erosion and deposition, or possibly in part contempora-
neous with it, more arid conditions seem to have set in 
which have persisted more or less to the present, (c.f. 
Whitehouse, 1940) . In places the landscape shows many 
features indicative of pediplanation . The steep-sided 
nature of the Quartzite Range and other residuals, the 
spreads of alluvium at their base, (grading from coarse 
rubble to fine loam with distance), testify to sheet wash 
erosion as the dominant force . In places, quartzite 
rubble has been found up to a mile from the foot of the 
Quartzite Range and well away from any creek which might 
have carried it there . In other areas , the overlying 
detritus has been removed by recent erosion, exposing the 
gently-sloping pediments which have been carved in the 
underlying rock. 
Recently there would appear to have been a second, 
minor, drop in base level, (which has exposed extensive 
areas of coastal alluvium on the Gulf of Carpentaria -
Stewart, ibid). Many of the creeks and rivers show deep 
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incisi on , the banks 0; C2~~ag~ Troe Creek and thp n~Gal~ 
River commonly being 15 to 20 ft . in height, (Plate 3). 
Parts of the region have been deeply dissected by tho 
smaller creeks, e . g. the extensive area of calc-silic~~~~ 
surrotmding fl10unt Rosebec . As ITlGntioned above , curr8nt 
erosion is also removing the colluvial material flankj~r 
the Quartzite Range . I,Iany of the creeks ar c bordered by 
terraces, suggesting fluctuations in base level, eithe~ 
on a local or regional scale . 
( 6 ) . Soils 
(a) . Introduction 
Five major soil types hnve been recognised in the 
Dugald River Area . These have been named after the 
clnssificqtion by Stophens, (1962). They comprise Skele-
tal Soils, Grey Calcareous Soils, Arid Red Earth Soils, 
Grey Soils of Heavy Texture and Levee Soils, (Table 3) . 
In additi on, remnants of former lateritic profiles occur 
within the region, but these are of limited distribution . 
The soils being formed in the area at the present day 
are nIl characterised by Cl lack of any well-defined 
textural differentiation . Generally spenking there is a 
decrcrt.Gc in the grain size vii th 00r I,ll, c11W t;0 thn oluvi-
ntion of the fin0r ~'~y MRtrTinl , but this has not reached 
the stRG'"' where is tinct horizons have been devl")loped . 
The majority of the soils, however, show a zone of lime 
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accumulation - the calcrete l ayer - near the base of th; 
profilc . In one profile through an Arid Red Earth, an 
iron hardpan had been developed . These horizons pro~C'.b·· 
ly indicate solution of the lime and iron in rainvmter 
and their subsequent re - deposition at the conte.ct vrj th 
the bedrock surfac e . 
The distribution of the soils is largely govcr:"'1ed b;: 
the relief and by the geo:norpholoG:i.cnl rrocesscs 2.ct~:-_. 
on the landscape. Skeletal and. Grey Calco.roous Soils 
largely r estricted to ~rens of intermediate to hifh 
elevation , the latter typ0 occurring on the calcarcous 
...... , 
.- '"' 
varieties of the c~lc - silicnto rocks . The A~id Rod Eqrt~~ 
a r e found on the level interfluves lying between the up-
land country and the flood plains of the major rivers. 
In many areas a thick deposit of coarse colluvium occurs 
between the base of the higher ground and the areas 
oc cupied by these soils., Irhe latter have thus apparently 
been derived from alluvial ID3terial eroded off the neigh-
bouring uplnnd r egion , probably by processes akin to 
sheet wash action . 
Parts of the wide flood plains of Cabbage Tree Creek 
in the north of the study-nren are occupied by the Grey 
Soils of Heavy Texture . These soils appear to have been 
developed from fine-textured .'l.lluvium , probnbly deposited 
in swrumps or lakes bordcring the crock nnd separated from 
it by the levees . The l'lttor consist of deep yellowish-
Table 3 9ummarised Characteristjcs of the Soils of the Dugald River Area. 
Soil Type 
Skeletal 
Soils 
Grey 
Calcareot:s 
Soils 
l~rid :led. 
Earth 
Soils 
Grey Soils 
of HeaV'J 
'I'exture 
Levee 
Soils 
Profile 
I,lostly shallOlv, 
gravelly soils, 
\-1i th no profile 
developcent 
Deep, grey, very 
calcareous soils, 
passing dOvffiwards 
into rotted bedrock 
Reddish soils wit~ 
high proportion of clay 
throughout the profile -
ealcrete horizon common 
at ~se 
Deep clay soils with 
little profile devcl--
opment, apart from z.)ne 
of calcrete at base 
Occurrence 
Generally on 
upland country 
Areas of inter-
mediate elevation, 
underlain by calc-
silicates 
Level interfluves 
at low elevations 
_ LO\v-lying gro1l..n.d 
on flood plain of 
Cabbage Tree Creek 
Deep, yello\.,ish-red, fine Flanking the 
textured soils, in- major rivers 
c~oasing lime content 
,vith depth 
Vegetation 
Eucalyptu,§ spn . , 
Triodia pungen~ 
vlith and without 
Acacia chisholmi 
-------_ .. . - .... 
Eucalllius 
.?-.I.E?-llace.~, :::; . 
t er!llinali.§.z., ....:..ca~ ia 
I ch~sholmiL ~~~9§iQ 
pungens 
3uc.al:vpt~~.::&ill-: 
§.c~§:, L terminalis 
Carissa lanceolata, 
-SporobOlus--~' '--
~ ---
australasicus 
, Astrebla_pectin~ta, 
'Ise ilema 
----.--
'macrathera 
; Variable, but 
Eucalyptus a~gill­
:~, ~ . terminalis 
Acacia chish0l.~~ 
& Sporobolus 
, ~~ralasicus 
all common 
Vl 
(J". 
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red fine sands nnd silts . Some movement of lime hRs 
occurred within the material, and they have therefore 
warranted the name Levee Soils . 
Cb) . Description of the major soil types 
(i) . Skeletal Soils 
Skeletal Soils are found on ridges and other areas 
undergoing current dissection where erosion prevents tt 
formation of a deep soil cover . 
The soils are generally fairly shallow, ranging fro~l 
a few inches on the harder, more siliceous rocks to two 
or three feet in the more easil~r weathered shales and 
calc-silicates . A large percentage of the soil is com-
prised of stone fragments derived from the underlying 
parent material . 
As the name implies, little or no textural dif-
ferentiation has taken pl~ce, though in some profiles 
there is an increase with depth in the clay content of 
the interstitial materinl. The soils nre generally 
reddish in colour, sometimes bucoming a deeper colour 
near the buse of the profile, presumably due to eluviation 
of iron . The soil renction depends on the pnrent rock; 
it is ncid to neutr~l on shalus , qunrtzites, utc . , and 
basic when developed on limestones nnd the more cl:\lcareous 
oalo-silioates . 
Profile 1 is an example of a skelctnl soil developed 
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on shales . 
Profile 1 . G0ntly sloping gravelly ground with outcrops 
of dark grey micaceous shales ; th8 vegetation consists of 
Eucalyptus brevifolia F. Muell ., Triodia pungens R.Br . 
and Cleome viscosa L. 
Profile Description 
o - 12ins.: - Dusky red 205 YR 3/2 stony micac eous 
sr~d, with abundant shale fragments up 
to 1 by It ins . pH 5.6. 
12 - 22ins~- D~rk reddish brown 5 YR 3/2 stony 
micaceous sru1d with abundant shale frag-
mcmts as abov0 . :pH 5 .8 . 
22 - 30ins~- Dark reddish brown 5 YR 3/2 stony clay , 
with n.bundant shale fragments . PH 6 . 1 . 
(ii) . Grey Calcareous Soils 
These have developed on the more calcareous calc-
silicate type rocks , in areas sheltered from strong 
erosion . In these situations , they may reach dopths of 
up to 5 ft . 
The soil consists of very calcar0ous, nodular material 
pRssing down into decomposing parent mntorinl . The domin-
nnt colour is grey or pink, though admixture of organiC 
matter or iron oxides may produce d~rk grey or reddish 
surface horizons . 
The reaction io;) basic, (Jii from 7 . 4 to 8 . 0) , and 
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increases with depth . No textural differentiation has 
taken place , apart from some clay eluviation . 
Like the last type , these soils are relatively young 
in age , and have been produced by weathering of the calc -
silicate parent matcrial . 
Profile 38 , (Plate 5), is a good illustration of this 
soil type . 
Profile 38 . The profile is situated on gently sloping 
ground on a low interfluve ; the vegetation consists of 
E. terminalis F . Muell ., Acacia chisholmi F . M. Bailley, 
Triodia pungens , Cleome viscosa and Sporobolus 
australasicus Domin . 
Profile Description 
o - 14ins.: - Dark gr8yish brown 10 YR 4/2 sil ty clay 
with abundant white calcrete nodules up 
to 2 x 3 ins .; the nodules make up 
approximately 50% of the whole , ~nd tend 
to lie with their long axes horizontnl , 
giving n rough stratification . .JH 7 . 4 . 
14 - 26ins:- Pale brown 10 YR 6/3 clay , with gritty 
texture duo to calcretc; nodules of 
26 - 53in . 
SnIDe size as above; very c~lcaroous . 
pH 7 .8 . 
Pinkioh grey 7 . 5 YR 6/2 clay , with 
gritty t xturc due to cnlcrcte fragments; 
t 1 oil on 1 
c 

Sk letal 
011 
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present , surrounded by and made over 
to calcrete '; very calcareous . pH 8'. 0 . 
(iii) . Arid Red Earths 
This soil type is quite common , developing on the 
interfluvial tracts at lower elevations . As implied by 
the name , the soils have a characteristic reddish colour , 
ranging froI:l n dark r eddish brown at the surface to dark 
red at depth . 
The depth varies between 2 nnd 4 feet , and , as in the 
above types , shows little variation in texture apart from 
a general decrease in grain size with depth . Thus the 
surface few inches is gener~lly of sandy to sandy clay 
loam textur0 , frequently with grit and gravel deposited 
by surface wash . This passes down into a compact struct-
ureless clay which grades into weathered bedrock at the 
base . Lens es and masses of calcrete are generally 
present above the bedrock surface , and , in one profile , 
a thin iron hnrdpan w~s found at the same level . In 
thin section , this w~s seen to consist essentially of 
rounded to sub-rounded quartz crystals and small flakes 
of muscovite in n dense haemntite matrix . This zone was 
bounded above and below by fin~ lnminated earthy material 
with limonitic staining . 
Rock fragments fron grit to gravel size occur 
throughout th0 soil profile : in some cases, these are of 
the snme lithology as the underlying bedrock, while in 
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others there is un admi xture of several different rock 
types . The soil reaction ranges from acid at the surface 
(pH from 5 , 0 to 6 . 4) to slightly acid to basic at depth 
(pH from 6 . 4 to 7 . 7) . 
It appears that these soils may form from different 
p~rent materi21s . In some cases , the occurrence of rock 
fragments throughout the profile of the same lithology as 
the underlying bedrock points to a residual origin . In 
other cases , the admixture of several rock types in the 
upp~r horizons suggests derivation from alluvial material . 
This hns probably been deposited by sheet wash action ; 
the low intorfluvcs on whieh these soils nre frequently 
developed grade laterally and upslope into gently inclined 
fans of rubble and gr~vel , spreading out from the bases 
of the higher hills and ranges . 
As regards the zones of lime and , occaSionally , iron 
and silica accumulation , these have presumnbly been 
forll1ed by downward leaching .md re-deposition by rain-
w~tcr . Stophens,(1962) , considers thnt this soil type is 
probnbly polygenetic, ropresenting red earths formed in 
0. wetter climatic era and Intor invaded by calcium 
cnrbonnte . He suggests that the latter could be derived 
from loessinl additions, tumpornry invasion of the profile 
by ground wnter or, less prob~bly , continued weathering of 
soil tmterial and nccUIDulntion of lime under the prevnil-
ing ~rid conditions . 
)late 6 irofile througl Arid Red 
Lsrth .... oil , with hard.an 
and CBLcrct horiLona 

6 ?rof11c through Arid Hed 
-----
l:Iarth 011 , with h l dpan 
and calcr te orizona 
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Profile 21, (Plate 6) , illustrates the main features 
of the residual type of Arid Red Earth with , however, the 
development of n hardpan, while Profile 44 is apparently 
derived from alluvinl material . 
Profile 21 . Level ground, gravelly to sandy surface , 
with scattered outcrops of d~rk grey spotted calcareous 
siltstones . The vegetation is vory open , comprising 
scattered Eucalyptus nrgillacea W. V. Fitz and E. papuana 
F . Muoll . and the shrubs Eremophila mitchellii Benth lnd 
Carissn lanceolata R.Br . with Triodio. pungens, Sporobolus 
australasicus and Gonphrena brownii Moq . 
Profile Doscription 
o - llins .: - Dark reddish brown 2 . 5 YR 3/4 slightly 
micaceous sand with a little clay , with 
~ngular fragments up to 2 by 5 ins . of 
calcareous siltstono simil~r to the 
bedrock. pH 6 . 4 . 
11 - l8ins . :- Dark rod 2 . 5 YR 3/6 clay with occasional 
fragments of calcareous siltstone . 
18 - 26ins . :- Same matrix as ~bove, but with small 
nngu12r fragments of spotted calcareous 
siltstone: in this horizon, however , 
the spots are much paler and tt.e frag-
ments are frequently vertic11 or sub-
v ertic11 . pH 6 . 8 0 
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26 - 42 ins .: - lViasses and lenses up to 3 by 6 ins . 
of iron hardpan , frequently con-
cretionary ; generally sub - horizontal 
and discontinuous ; lenses of calcrete 
are also quite common; both enclosed 
in a similar matrix to the above 
horizons . pH 7 . 0~ 
42 - 55 ins .:- Dark brown 7 . 5 YR 4/4 highly cal-
careous sandy clay , with fragments of 
spotted calcareous siltstone general-
ly made over to calcrete . 
Profile 44 . Near level gravelly and sandy ground ; the 
area is very bare of vegetation , consisting of scattered 
Eucalyptus papuana, E. terminalis and Atalaya hemiglauca 
F . Muell ., with the gravelly areas more or less devoid of 
ground cover, the sandier areas with sparse Triodia 
pungens, Cleome viscosa and Sporobolus australasicus . 
Profile Description 
o - 4ins . :-
4 - 22ins . :-
Surface gravel and grit of quartz, 
quartzite and haematite , over dark 
reddish brown 5 YR 3/4 sandy clay 
with gravel as above . pH 6.0 . 
Dark reddish brown 5 YR 3/4 clay, 
with grit size fragments of same 
material as above . pH 6.2 . 
(4 - 12 ins) .: pH 7 .1 (12 - 22 ins)~ 
I 
\. 
22 - 31ins .:-
31 - 39ins .:-
39 - 48ins . : -
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As above , but grit fragments more 
common pH 7 . 3 . 
Darl{ red 2 . 5 YR 3/6 , ·c:2.e.~· vd th. smaJ .' 
calcrete blebs and quartz grains 
pH 7.4 ~ 
Gradation to rotted phyllites , with 
patches similar to the above horizon 
occurring along the bedding planes . 
pH 7 . 6 . 
(iv) . Grey Soils of Heavy rexture 
This soil type is restricted to low- lying tracts 
bordering the levees and flood plains of Cabbage Tree 
Creek in the north of the area . 
The soil surface exhibits a series of low hummocks 
and depressions . Little horizon development has taken 
place , the profile consisting of several feet of grey clay 
penetrated by deep vertical cracks up to one or two inches 
across . Small grit - sized rock fragments are scattered 
throughout the profile; these have probably been washed 
down the cracks from the surrounding higher ground during 
periods of heavy rain . 
At the base, there is a sudden change to weathered 
rock with a layer of calcrete immediately above . Apart 
from the surface material the soil reaction is basic 
throughout . 
There seems little doubt that the soils have been 
developed from fine clay alluvium deposited from the 
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ad j acent river . This is suggested by their situation, 
on low- lying country subject to flooding , their lack of 
textural differentiation and their sharp junction with 
the bedrock below . 
A similar derivation has been suggested for this 
soil type in the Barkly Region, (Christian et al 1954). 
Profile 35 , (Plate 7), is taken through such a soil; 
it is situated on the south bank of Cabbage Tree Creek 
near Little Eva . 
Profile 35 . General relief level , but micro- relief 
consists of a series of hummocks and depressions , average 
height from depression to crest 6 ins ., 2 to 3 feet 
apart . The vegetation includes Astrebla pectinata 
(Lindl . ) F. Muell ., Iseilema "nacrathera Domin . with 
Ocimium sanctum L., Crotalaria trifoliastrum Willd , 
Hibiscus trionum L., Ipomoea lonchophylla J .M. Black , 
Neptunia gracilis Benth , Euphorbia uhligiana Pax . 
Profile Description 
o - 48 ins .: - Greyish brown 10 YR 3/2 heavy clay , 
with scattered grit-sized fragm nts 
of pink-coloured rock , (? calc-
silicates) , scattered throughout ; 
some horizontal foliation present ; 
deep cracks , up to 2 ins . across , 
extend to 3 ft . depth; small calcrete 
Grey ~011 of ienvy lextare near Little v 
fl1 t r y 0 1 
of i x ur 

Grey ~o118 of ienvy rexture near Little 'va 
~ ____ 1 oil 
of L vy 1.8xtU 
48 
52 
52 ins .:-
70 ins .:-
( v ). Levee Soils 
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nodules , 1/ 10 inch across , are present 
and become more common with depth . 
Surface material . 
o 6 ins . 
24 36 ins . 
Change to ( pH 7 . 2.) 
pH 6 . 8 . 
pH 7. 4 . 
pH 7 . 4 . 
Granular decomposing rock , with 
abundant calcareous material and vein-
lets of calcite ; no apparent change 
with depth . 
52 
60 
58 ins . 
70 ins . 
pH 8 . 2 . 
pH 7 . 8 . 
These soils are restricted in occurrenc e to the levees 
bordering the major rivers of the area . 
Several profiles were sunk in the levee near Little 
Eva on the south bank of Cabbage Tree Creek . A dark red-
dish brown surf~ce horizon give way to a yellowish red 
colour at depth . The texture is clayey , sandy or silty , 
but little textural differentiation hns occurred apart 
from a slight decrease in grain size with depth . The pH 
of the soil increases from nround 6. 7 at the surface to 
8 . 0 t the reate~t depth reached (14 ft . ): this agrees 
with the appearnnce of calcrcte nodules some way down the 
profile . Occas·on 1 ub ngular fragment'" of quartz 4nd 
cnlc-silic'1tc rock are present throughout . 
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Profile 34 is situated on typical levee material . 
Profile 34 . The profile is situated on a gentle slope 
to the south : the vegetation consists of an open tree 
cover by Eucalyptus argillacea , with ground vegetation 
of Sporobolus australasicus , Aristida browniana Henrard , 
Perotis rara R.Br ., Breweria media R.Br . with scattered 
Cleome viscosa and patches of Triodia pungens ; by infer-
ence from outcrops to south , the profile is located on 
calc- silicates . 
Profile Description 
Pit extends to 84 ins .; thereafter , information from 
auger hole . 
o - 6 ins .:- Dark reddish brown 5 YR 3/3 fine 
micaceous sand with organic matter ; 
non- calcareous . pH 6 .8 . 
6 - 42 ins .:- Reddish brown 5 YR 4/ 4 loamy micace-
ous sand with occasional subangular 
fragments of quartz and ? calc-
silicate rock ; non- calcareous , 
structureless . pH 6 . 6 . 
42 - 72 ins .: - Yellowish red 5 YR 4/6 loamy sand , 
with some pockets of lighter coloured 
materinl at base; these have possibly 
been formed by eluvintion of iron . 
pH 6. 9 . 
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72 -1 29 ins.: - SRme material as above ~ but vii t1::. 
sc a tt ered c 'llc:.>:>e t e :J.odul cs ~ Fl.ppa2.~e!l. >-
ly concentrated into ln~~rs; 
calcareous pH 7-6. 
129 -167 ins . :-. Yellowish red 5 YR 4/5 fine sil ty 
micaceous snnd~ with 8c~ttered c~lc­
rete nodules becom~ng mo~e com~o~ 
ne8.r the brtfie: the :j .n~ ;::':~UI'S o ~_' the; 
nodules show n rough crystalline 
structure. 
129 
144 
144 ins . 
167 ins . 
pH 8 , 0. 
pH 8.0. 
Hole bottoms at 167 inches. 
(7). The In[t,jor 'lnd trace element status of the soils 
(a) . Introduction 
A range of surface soil samples, representing ~ll 
the ID3.jor soil types occurring within the DUg[tld River 
Area , have been annlysed for vnrious major and trace 
elements . 
The objective of the study was to investig~tc whether 
there was ~y correlation between the v~riqtion in the 
concentrntion of these elements in the ""'urfnce soil 
horizons and the distribution of the major soil types and 
vegetation [tssociations within the region. In ~ddition, 
by compnrison of the results of this inveotigntiol1 with 
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those in other semi-arid regtons of Australia, it W::J.S 
hoped to gain a rough estimate of the general level of 
fertility of the soils of ~he Dugald River Area . 
The elements carbon. nitrogen , phosphorus, potnssjl'~ 
and sodium were an8.1:'r n('. by norl1l.8.1 chemi cn.l I'1r;tho(~ s, 
\vhile magnesium , iron, :TI2:1g2-neOC, cobnl i~ , copp8r ~ lor.1.C" 
and molybdenum were dete:rrr;incd on 0,n Arc Emission Srect-~·o·· 
graph . Details of the nnalytical mc~ho~s nrc indio~t0( 
in Appendix ~.\ . 
Some points should be made on the presentation oZ th~ 
results , (Table 4).: Grouping of the samples has 
been made firstly on the b~sis of the major vcgetatio~ 
aSSOCiations , wd secondly on the basis of the soil types. 
The association which is moot frequent on regions of 
fairly high relief has been pl8.ced at the top of the 
table. Thereafter , the order of presentation follows 
roughly on that of decreasinG elevation and increasing 
depth and clay content of the soils. Those snmples from 
areas of lead- zinc or copper miner~lisntion , regions 
where the normal bnlance of the elemonts in the soil is 
greatly disturbed , have been pl~ced in a separate group-
ing at the foot of the table. 
Cb). Discussion of the results 
The m~jori ty of th s:unples have a soil ref.1.ction 
vnrying between slightly acid to neutral . Skoletal soils 
derived from the quartziteo nnd shnles , and the Arid Rod 
- 70 -
Table 4: Chemical and spectrographic Analysis of Near-Surface Soils from the Dugald River Area. 
[M~'t'i~~d"'''~f'''''~'~'''' ~i'~"""""'''''''''''''' ............................................................ r-· .. · .... :·:· .......... ~ ........ ................................................................................................... ... ..................... , ................. :... .. .. : .. 
: . . . '.. Y ! EIE:;. !}t~o : Chemical : Arc Em~sslon Spe ctrography 
. __ ........ · ...... · .. r· ........ · ................ · .... · .......... · .. · .. · ........ · .... · ........ ; ...... · ........ · ...... T .. · ...... · ........ · .. ·t· :7.'·P:l~·:t;·;t:' ·J,·9 i .. ·· .......... · ........ · .. ·· ................. , ................... : ..................................................... ... ; ...... .. ..... : ................ : ......... .. 
: . ' \ i Org- Total : : HCL_extractable ' 
, \ : anic N ................. ( ................. ; ................. ; 
V :ge~ati~~ .... ! ........... :~~~~.~ .... ~~i~ : ... ~i;7 .. ·~:;:~ !···· ~~o ... ..  ;···A85 :O~~i3···::t~~~ ; ~~~ol o~ii l;~; ···'~26 1~;:4· ~:O· .i~:: .. r~io L~~~ . r!~ , 
on Quart z it e : : : i ; : , ! : : : : ! . i . 
:............. : 7733 : 4- 6 ! 5.8 [ 0.321 ;0.017 :18.1 . 230 :0 .63 ; - ,o.68 ! 9.0 2100 ! 10 ! 10 ; 0 ! 0 . 
; ~CalyPtus : sk~i~t~S~ii '··· ·1i To::12 -:- 6:i T .......... L ;: S36 jO:'iO j y: 001l0:0 Ti35i:i t 20 1 125 ' 1100 . LO· . 
1 revifolia _! on Shale s : i i : i i ; 1 ; i i: . i ~l'iOdk '....... 16 i 0-10 ,6.0 , x ,0.015 ' - i 470 ,0.40 i ,0. 291 4.4 , 540 , 15 1 2001 TO ! 
i PUllgens . 34 : 0-11 : 6.6 : x iO.019 : - i 550 10 .38 : ;0. 38 1 8.0 : 600 : 18 : 210 ! ° T : 
! Skelet,;i S~ii; 87 , 0":- 6 ' 5~6- ~O:391 'O.027 'i4.3 : 166 10.16[ . ··· ;0.2i j 5.6 ' 320 1 18~200 : 0 ·: 6 ; I ~~ 178 , 0- 6 5.6 i 0.123 '0.007 116.2 120 :0.07 : • 0 ' 5.2 [1750 i 0 i 230 i 0 : 0 
i SllC;~ates 211 · 0- 6 6.4 . 0.336 [0.022 :15.4 2600.13 : iO.72 ; 9.0 [1550 : 16 i 10 i 0 • 0 
i..... ..... 212 0- 6 6.0 i 0.282 :0.018 '15.3 , 200 0.78 i 60 fO. 76l10.0 ; 670 : 25 i 90 i 0 : 0 1··Sk~i~ t~ · s~ii' ....... 195· 0:: 6 , ··6 :.;; ...... , ........ ........ ,. . ......... : . ..: ... ·' 490 ; ci :42; 80 '0: 6ft '1. O:340bt 12 + mo : 'I' ·1 0 ' ~~~~:~: J °IlSha:L"s j 160 . Q~ Q ; 6.4 •..... x ' 0.0 31.: .... :- : 5200. 45 ? ~ 741 10~ 0 :1900 20 i 270 i 0 ! T · 
E ter in i Skeletal Soil 228 ',' 0- 6 :,: 7.8 ;:: 0.329 :.: 0.026 .. :12.7 320 0.19 0.83 .~' 6.4 :.· 650 is"; 15 ..0 .. ; ...· 0 ... ':,.:-6:··l 
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Earths , are almost invariably ac i d , as are those from 
areas contnining mineralisation . The soils developed 
from calc - silicate rocks range between acid and basic 
depending on the n'1ture of the parent rock . Where this 
is siliceous , with a l~rge proportion of qunrtzitic 
inclusions , the resulting soils are acid , whereas ~he 
softer , more calcareous v'1rieties give rise to basic 
soils . The soils derived from limestones , the Grey Calc-
areous Soils and the Grey Soils of Heavy Texture are 
generally basic on the surf'1co . 
There is a fairly close correlation between the 
distribution of the Eucalyptus brevifolia - Triodin 
pungons and Eucalyptus nrgillncea - E. terminalis -
Acr1.Ci;~ chisholmi - Triodin pungens assooiations nnd the 
pH of the soil . The former is much more widesprend on 
soils with .cid surface reactions , while the Intter shows 
a tendency to occur on sOils where the surface reaction 
iv bnsic . rilU'" the> rcspcc ti vc rang"9 in pH values for 
th s~mples ~~lysed ar 5 6 to 6.6 'md 6 . 2 to 7 .8 . 
Some difficulty w.s cncountore in th det rmin tion 
of org~'mic car on in '-Iom of the 13: mples , (m n{cd with an 
n terisk in Table 4) • This was p"1rticularly th case in 
thone soils ev lop d on ",hf'lloi.) or Ijnl, tone or from 
r LlS wll r h tt' 0 h'...1 been l'~Cell ly urncd-off r 
where (lomulous ret. ul t~ ~u (wt d in lu.ion of el ,m~nt~ 1 
or El ic car on , "'uch s gl'nphlto or ,h- 'co~ 1 . 
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The results for the remaining samples shovl little 
precise correlation with soil type or variations in the 
vegetntiye coyer~ though there is F\ tendency tovmrds 
lOVler ve.lues in tile silmplcs from areas occupied by the 
Eucalyptus bre\'ifo.lirt - Eriodin pungens nssoci::1.tion. 
The highest concentration of orgnnic carbon occurs in 
sample 233, \ .... here, howcver, the surfnce soil horizon 
showed a d[lrkening, presuMably due to the accu.T!lul~t tion 
of organic matter . 
The general lo\'el of orgnnic carbon in the soils of 
the Dugnld River Area is of the same order as that found 
by Jack~on, (1962) , in his study of the soils of the 
Alice Springs region of centr"11 Austrulin . Likewise, the 
vnlues obtained in the present study compnre f'1vourably 
with those of Beadle nnd 1'ohnn, (1955), in their 
inves tig" tion of the soil:.:; of semi-arid plant cor.muni ties 
in New South Wales . COl:lp:'lrison \vi th thG level of organic 
carbon quoted by Willinrus nnd St~inbel:'g , (1958), for the 
soil'" of the Bri!1bnne region, however, indicates th~t the 
Hoils of the Du -aId Ri vcr Area .'.1.rc low in thts clement. 
The reaults for to~al nitrog~n also nhow little 
relationship to v rint10ns in th "'oil type or vegetntive 
cover though n n1n thl.:l'c i 11. r.iug stion tlmt th l soi13 
occupi d by tho Euc - 'l'l'i,odin puneens 
D. 90ci~tionn nr' low in thi3 olomcnt . Th hi h.r vnlue 
c[mllot be corr lated w1 th th diotribu tiOll 01' the 
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l eguminous trees or shrubs , Acac i a co.mbagei R. T. Bal~e!" 
and A. chi sholmi , which m"ly suggest that theRc specie:::> 
are not associated with nitrogen fjxatio~. 
Compared with the results obtained b~r Wi::"linms n:"1(. 
Steinberg, (ibid) , ~nd Beadle ~nd Tchan, (ibid) , the 
soils of the Dugnld River Area n.re very 2-0';! in ni "'c:.~o:;c:­
The former authors quote~ Cl mean v[1luc of 0,128% 
ni trogcn , which is npproxim:l.tcly t··:i.ee tha ~ of tr_c 
highest v'1.lue found in the present study . 
Vnriations in the ratio of cnrbon to ni trogen ~'hom: 
Cl closer relationship to chnngeG in the coil type or 
vegetative cover than those of the elements themr.elvoc. 
The soils occupied by the bucalyptus brevifoli~ - Triodin 
pungens [lssocintion , pnrticulnrly thon derived from 
qunrtzite gener~lly contain high carbon : nitrogen 
rntio M • The ~oils underlying the Eucnlyptus nrgillaceq -
E. terminali!J - Acncia chisholmi - Triodin pungen"'" 
association h'1ve intclmedi:\tc v:.1.luCG ! while the samples 
from the Arid Red E rth COils, occupi0d by th E. 
- E. tcrminnlin - Cnri b' ~~~~~~~~~ 
'\.;.soci.n tion cont in low c:1rbon 
nitrogen rntioa. 
The vnlues for he cnrbon : nitro n rntio~ in the 
Du ald River oil nre of tht; f~'un \ orn r t 'ho. e of 
Willio.m '1l1d tcinbcr:1' , (ibid), thou. 11, '8 mentioned !'loave, 
th n 1 vel :for c r on . n itro en in this inveotigntion 
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were considerab l y higher than i n the present one . The 
r atios are consider'l.'bly highcr ~h[U'l those obt,'"1.-i..nen by 
Beadle rmd Tchnn , (:..c~.cl) . nowever . 
The level of HeIl-·r xtr~ctn.ble p:10sphorus j.G gener'1ll 
highest in those coi~ ... dcve l oped on outcroppj '1.:; lec.d- zi1.~ 
or copper mincrnlisAtie~ . The discropancy between ~hecr. 
resul ts rmd the genernl lovel suggcsts thn.t the phospho::'--
us here IDa.y be derivGcl .l.ro:n pri.m'1ry ILeh:llo- phosp::t~ 
minor'1ls , such ns lib8thcni to (4Cu P 205 H20) 'tn'l pyro-
morphite (Pb 5Cl (PO~ )7) ' ~ssoci~tcd with the or0- deposits • . ~ ) 
The high values in sorn.:; of the srunples from soils derived 
from the shale '1nd limestone horizons , which borde::- t~1e 
l ead- zinc dcposit~ probnbly have a simil~r source . Since 
the mincrnlised rocks form ~ pronounced relief fent~re 
over the greater part of their outcrop , the erosionnl 
products from the deposit will be incorpora.ted in the 
surf\cc Inyers of the neiehbouring soils at lower 
clevu·tions . 
Phosphorus is low in the s~unpl{') from the Grl.:lY Soil of 
Henvy Tcxtur . , in the .,oil deri v >d from Intori tiscd shala , 
':md in ono of the Grunpla.., from ooils dev ,,1 oped on quartz-
ite . Oth rwio;)o~ with the exception of the hi h vnlu~o 
inthc n i hbourhoo of minel [.I.lien. tion , ther is 11 ttle 
correlation -:i th n..'1Y p •. rt1culAr roup of noil • 
Compnrison of the re ul ~ of thin udy with those of 
oth r invQsti ntion in ie t~s 1.1 ttlo . ignificnnt 
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variation . The results arc comparablo with those of 
Bendlc and Tch::m , (i..bid), \':ho cC~Gi,der8d t:nt. '::~-:.::'\.: 
it wns never n limi tj nc; f~c to~~ 1:'1 voget:;~-;_o:n (I'; str:.bu: ton , 
to these sites, /lc['o~ '\ c6!l1bag p i ~_;; ~ l.Yfn'"i6bly 
found on the relics of lateri tic 8o':"lG .. vi th~.n tllC r~gj on . 
It seems possiblo , therefo~G: th~t t~ic tree, by v~rt'l_ 
is capable of survivinG on thl; lnteri tic "'oiln ':.Jl~.l\.: ..,'.~ 
other members of the tree .... ~.;::'a t1..lJn avoid them . 
A C'imil~lr expl:1n'l tion r.::1y account f or the close 
correl'1 tion bet· .... en the ,D.:"; t;rebln pec tin[\. tn - JD~;h~oL'1" 
mf1.cr~ther:~ grassl nd 'UlU the Gr'y Soil .... of He<'>vy Tex.tUl'_. 
where agnil the rhos horus .ontent is low. In thi~ cace, 
how\;ver the l'il'l.rked v-nriatior.. ctw> nth· cl"'y content of 
the ..... c soil M .no he nu rnunding m" t ">rin.l in p obably , 
more importrm foe ",or in ve It· .... tion di""tr' bution. 
The oil 0 tl Du ..... ld Riv'2' ArcD. &ho\v Po. wide 
vnri tion il he 1 'I 1 of HCL· '-:tl"~ t 1 1 ot'10. itun . 
Tb ooil cv 10 d on tl lrtt 1'i it d sh: le io .in low 
in thi clcm t, hot h or: 0] ("0 r co!dad 
othel i,Q . o he vi, t 11 of potA,C'! iUIn 
in tl su f .c horizo , ow 11 t ,1(. 'T l' ,io 1 with 
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either the soil types or the vegetation associations . 
HCL- extractable sodium shows a smaller range than 
potassium, the maximum values occurring in those soils 
with a comparatively high pH , such as the Grey Calcareous 
Soils and Grey Soils of Heavy Texture . The relatively 
low order of these values , however , suggests that the 
basic reaction in these soils is mainly due to calcium. 
Some of the samples from the Grey Calcareous Soils , 
though not that from the Grey Soil of Heavy Texture , are 
also high in magnesium compared with the level elsewhere . 
There seems to be a general tendency for the soils 
occupied by the Eucalyptus argillacea - E. terminalis -
Acacia chisholmi - Triodia pungens association to be 
richer in this element compared with the soils underlying 
th other vegetation aSGociations , though some of the 
samples from the vicinity of mineralisation are also high . 
The ooils of the Eucalyptus brevifolia - Triodia pungBns 
ond E. 'lrgillncea - E. terminalis - Carissa lrmceolata -
Sporobolus australasicus associations , on th other hand 
gave rel tipely low results in generAl . 
The valu s for iron in the soiln of the Dugald Riyer 
Area are of the n me or r 8S tho!3 obtr-l.:i.n d by Oert 1 
and Gi1es. (1962) in th ir 1nveotig' tien of' the trace 
eJement content of u nsl Oils , (th location of 
their ~run 1. 0 is not q ot d) . In th P' s nt study . hi h 
volue oce . hrou hout th m Jori ty e tho v ious 30il 
- 77 -
types and vegetation associations, though there is a 
tendency to lower results in the Grey Calcareous Soils 
and Grey Soils of Heavy Texture. This explains the 
light colour of these soils - elsewhere the soils are 
generally stained bright red due to inclusions of iron 
oxide. 
The soils developed in the vicinity of mineralisat-
ion tend to be relatively high in manganese, presumably 
by derivation from the gossans occurrjng over some of 
the deposits . Broadly speaking, soils developed on calc-
silicates, the Grey Calcarous Soils and the Arid Red 
Earths are poor in this element . The Grey Soil of Heavy 
Texture , occupied by the Astrebla pectinata - Iseilema 
macrathera association, is also low. On the whole, the 
values are higher than those obtained by Oertel and 
Giles, (ibid) . 
The results for cobalt show a comparatively small 
range of values and indicate that this metal is not 
associated with the ore-deposits occurring within the 
Dugald River Area. Comparison with the values obtained 
by Oertel and Giles, (ibid), shows that the level of 
cobalt is of the same order in the two studies. In the 
present area, no particular soil type or vegetation 
association is associated with high values of this element. 
The presence of widespread copper mineralisation in 
the rocks of the Dugald River Area is reflected in the 
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soil analyses. Neglecting the results from the vicinity 
of the ore-deposits, the general level is still 
considerably higher than that obtained by Oertel and 
Giles , (ibid), where the values rarely exceed 100 ppm. 
Within the present study-area low values are found in 
the soils derived from quartzite, but otherwise wide 
variations occur within each particular soil type . Apart 
from Polycarpaea glabra C.T. White and Tephrosia sp. 
nov ., (Dugald River WdC/DMJP No . 5), species which are 
common over both lead-zinc and copper mineralisation 
within the area, no marked correlation is apparent 
between the distribution of the various vegetation types 
and the level of copper in the soils . 
As would be expected, the higher values for lead 
occur in the soils developed on the lead-zinc lode and 
the bordering graphi tic shales ~ The anomaJaus ' results 
for several of the samples from soils from un-mineralised 
shales and limestones are probably due to the inclusion 
of metal-rich particles , derived by erosion from the Lode, 
within the samples . Apart from thes e occurrences , lead 
is generally absent from the soils occurring within the 
region . Eriachne mucronata R .,Br ., Polycarpaea glabra 
and Bulbostylis barbata C .. B., Clarke are associated with 
the zone of high lead content , but otherwise no correlat-
ion can be drawn between the variations in the vegetative 
cover and the distribution of this element . 
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Several of the samples; most frequently those from 
soils developed on shales; contain a trace of molybdenum, 
but apart from these the element is absent from the soils 
of the region 
(c). Conclusions 
(i)~ Soils derived from quartzites, shales and calc-
silicates of the siliceous type, were acid on the surface, 
frequently showed comparatively high carbon : nitrogen 
ratios, and tended to be relatively low in carbon, 
nitrogen and magnesium. Areas occupied by these soils 
generally support the Eucalyptus brevifolia - Triodia 
pungens association . 
(t~). The soils developed on the softer varieties of calc-
silicates, limestones and the Grey Calcareous Soils, were 
generally basic on the surface, had carbon: nitrogen 
ratios of intermediate value, and were comparatively rich 
in magnesium. The Eucalyptus argillacea - E. ' terminalis -
Acacia chisholmi - Triodia pungens association' is 
normally developed on these soils. 
(iii). The Arid Red Earth Soils, generally occupied by 
the Eucalyptus argillacea - E.' terminalis - Carissa 
lanceolata - Sporobolus australasicus association , were 
acid on the surface, gave law carbon: nitrogen ratios, 
and showed a tendency to be relatively low in manganese 
and magnesium. 
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(iv) •. The distribution of the Astrebla pectinata -
Iseilema macrathera association is restricted to those 
areas of Grey Soil of Heavy Texture . A sample of this 
soil had a relatively high carbon : nitrogen ratio , and 
was low in phosphorus , iron and manganese, but comparnt-
ively rich in sodium . These factors may have an influence 
on the distribution of this association , but it seems 
more probable that the marked contrast in clay content 
between these soils and the surrounding material is of 
more importance . 
e (v) . A sample from an occurrence of la~itised shales , 
occupied by a stand of Acacia cambagei , was low'_ in 
phosphorus and potassium compared with the level of these 
elements in the soil elsewhere within the area . This may 
have a bearing on the distribution of this species . It 
is almost invariably present on the relics of lateritic 
soils , and may therefore be better adapted to lower 
levels of plant nutrients than the other tree species . 
(vi) . The soils overlying and surrounding lead-zinc and 
copper deposits , in addition to being richer in the ore-
metals, were also generally higher in phosphorus than the 
soils elsewhere in the region . The phosphorus at these 
localities may be derived from primary metallo-phosphate 
minerals present within the ore-deposits . The soils 
developed over the mineralised rocks were acid on the 
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surface. Magnesium and manganese, the latter probably 
derived from the gossans which mask the ore-deposits in 
certain areas, were also high in some samples . 
(vii). Although account must be taken of variations due 
to differences in the analytical methods used, comparison 
of the results of this investigation with those in other 
semi-arid regions of Australia suggests that the soils 
of the Dugald River Area are relatively low in nitrogen 
and molybdenum, but comparatively high in copper and 
IDElIlganes e . 
(8). Background values for zinc, lead and copper in the 
soils 
The background value for an element in soil material 
is defined as , "the normal abundanc e of an element in 
barren earth material", (Hawkes and Webb , 1962). This 
figure, and likewise that for the upper limit of back-
ground variation, (the anomaly threshold), will vary from 
area to area, according to the maturity and type of soil 
and the parent material . 
Typical metal contents for the soils of the Mt ~ 1sa-
Cloncurry region were obtained from a series of samples 
collected at half-mile intervals along the old Cloncurry-
Mt . 1sa road, (Fig. 1). The samples were collected at 
lea~t 100 feet from the edge of the road to avoid any 
contamination from road materials, (Nicolls 1964). 
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Samples of bedrock and of the widespread grass, Triodia 
pungens, when available, were collected from each 
sampling point. 
This traverse cuts across calc-silicates of the 
Corella Formation, equivalent in age and similar in 
lithology to those outcropping in the Dugald River Area. 
The variation in the zinc and lead results along the 
traverse is consistent with the presence of un-mineral-
ised rocks, (Nicolls ibid), and these results were there-
fore made a basis for background and threshold determin-
ations, (Table 5) . 
Table 5: Calculated Background and Threshold Results 
for Bisulphate-Extractable Zinc, Lead and 
Copper; (after Nicolls, 1964) . 
; Range of 
Metal i Background ; 
: Values-ppm ' 
·····_········ ····-t············· .. ············_··· ·:·· 
Zn 15 50 
Pb 
Cu 
5 
5 
25 
40 
Mean : Threshold-ppm 
No. of : Background: (Mean Bkgd +2 
Samples : -ppm ;Std. Deviation 
._- ..... ,- .. -. _ ........ _ ..... -_ ......... -_ ....... .... T-- '" -, .. .... -. . .... . -- ....... . . 
41 25 50 
42 
92 
5 - 25 
15 
5 - 25 
60 
.. . -:-... -.................................... : ... -......... .... _ ..............•.. -. ...... .... ' ...... _-......... :.- -. ........ ... ........ -.. . - .'., ....... -.. 
The results for copper, however, showed a more 
erratic distribution. In certain parts of the traverse 
• 
the copper content in the soils did not exceed 10 to 15 
ppm, but elsewhere values as high as 390 ppm were obtained, 
(Nicolls, ibid). This suggested that many of the samples 
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were collected from within anomalies related to bedrock 
mineralisation~~. a suggestion consistent with the wide-
spread nature of the copper mineralisation, most of it 
of subeconomic grade , within the Corella Formation. 
The background and threshold values for copper were there-
fore based on the results from 92 soil samples collected 
on the eastern slopes of the apparently un-mineralised 
Knapdale Quartzite, (Fig. 2).. Using these results, the 
mean background value for copper is 15 ppm and the thres-· 
hold value 60 ppm, (Table 5)-. 
(9). The distribution of zi~lead and copper in the Lode 
Area soils 
The distribution of these metals in the surface 
layers, (4 to 8 inches), of the residual and transported 
soils of the Lode Area is shown in Fig~ 5, (after 
Nicolls, 1964). 
Perhaps the most striking feature of the maps is the 
pronounced north-south trend of the metal anomalies, 
thus conforming to the general strike of the country 
rock and reflecting the bedded nature of the ore-deposits~ 
The main zinc anomaly extends over the greater part 
of the Lode outcrop. Smaller anomalies are developed 
over the West Lode and are associated with the gossanous 
shales which appear to mark its continuation. A 
characteristic feature of the anomalies, howe. · ~r, is that 
the higher values occur, not Over the ore-deposits as 
JIG. 5 
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might be expected , but on their footwalls. The latter 
have apparently been enriched with zinc at the surface 
at the expense of the Lodes. This has probably occurred 
by solution of the zinc in ground water and its subsequ~nt 
re-deposition in the footwall rocks, (Nicolls , ibid). 
The width of the zinc anomaly , as depicted by the 5J 
ppm isopleth, shows a marked increase at the points where 
the larger creeks traverse the Lode zone . This increase 
is not related to the alluvial transport of zinc, however, 
since the extent of the anomalies at these localities is 
much greater than that of creek alluvium, (s ee Fig. 4-B). 
It would appear that the zinc has been derived from the 
zinc-rich surface soils near the Lode by sheet wash eros-
ion. This will tend to remove the surface soil layers 
from the vicinity of the ore-body and deposit it further 
downslope along the lines of the main drainage ways. 
The anomaly for lead is considerably narrower than 
that for zinc, varying between 200 und 1300 feet, as 
against an average width of 2000 feet for the latter 
metal. Over the central part of the main Lode, and on 
the West Lode, the anomaly defines the graphitic shales 
containing the lead-zinc mineralisation very precisely , 
but towards the north and south the anomaly tends to be 
offset eastwards . These low-order anomalies are possibly 
related to weak mineralisation within the sha:8 and lime-
stone horizons at these localities. A similar explanation 
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may account for the isolated lead anomali~s on the 
argillaceous limestones in the north-east corner of the 
area . It is noticeable, however, that the distribution 
of the anomalies is restricted to the shale and lime-
stone bands : the surrounding calc-silicates contain 
very little lead . 
An interesting feature of the main lead anomalies is 
that, unlike zinc, the zones of maximum metal enrichment 
occur in the soils over the Lode, nnd not on the footwall. 
At the same time, however, the anomalies are much wider 
on the footwall side of the Lode than on the hangingwall. 
This may be related to the fact that the footwall shales 
form a relatively narrow horizon, which grades rapidly 
into argillaceous limestones . The soils developed on the 
shales are aCid, (Table 4), while,generally speaking, the 
soils derived from the latter rock type have a basic 
reaction . The relatively high pH of the limestone soils 
may cause precipitation of lead in solution in water 
draining from the Lode ridge, and its concentration at 
the boundary between the shale and limestone horizons. 
The copper anomalies in the soils of the Lode Area 
show the same north-south trend as those for lead and zinc. 
Apart from the example discussed below, however, the 
distribution of this metal shows no marked association 
with the lead and zinc anomalies . This agrees with the 
fact that the lead-zinc lodes contain very little copper . 
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Malachite staining is associated with the graphitic 
shales which cont~in the Lode at the northern end of its 
outcrop , however, and here gives rise to an extensive 
copper anomaly in the overlying soils . Apart from this 
example, the soils overlying the graphitic Lode shales 
are generally relatively poor in copper . On the other 
hand, the surrounding micaceous and siliceous shales and 
mudstones contain considerable amounts of this metal , 
particularly in the south where the hangingw~ll shales 
are stained with malachite . Soil copper contents in 
excess of 1600 ppm are associated with this latter occur-
rence . 
Copper is also present in the soils overlying the 
gossanous shales west of the West Lode , though in part 
this anomaly is associated with the copper showings which 
occur at the contact between the shale and calc - silicates 
to the west , (Fig . 3A)e Considerable quantities are also 
present in the soils overlying the limestone and shale 
horizons between the Main and West Lodes , with the soil 
copper content exceeding 2000 ppm in this narrow zone. 
Extensive copper anomalies are associated with the 
copper showings which occur along the contact between the 
western band of calc-silicates and the shale horizon , 
(Figs . 3A and 5) . These are generally of a low order , 
though soil copper contents in excess of 550 ppm are 
present over the largest of these occurrences , Patti ' s 
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showing, in the south-west of the area. The soils over-
lying the eastern band of calc-silicates also contain 
some copper, but the resultant anomalies are of a low 
order. 
Alluvium deposited along the banks of the larger 
creeks which drain the barren Quartzite Range has affected 
the continuity of the copper anomaly west of the Lode, as 
at 3600N and 4500N, (Fig. 5). Similar breaks are apparent 
in the lead anomaly at these localities, and probably have 
been formed in the same fashion. 
Discussion 
Comparison of the maps of the metal anomalies with 
that of the various types of soil and overburden which 
occur in the Lode Area, (Fig. 4B), indicates that the 
higher metal values are largely restricted to the areas 
occupied by residual soils . The colluvium derived from 
quartzite, sheet wash alluvium, and the alluvial material 
deposited along the creeks are generally low in the ore-
metals. As mentioned above, the last type of deposit 
causes the discontinuities which appear in some of the 
lead and copper anomalies. The main zinc anomaly developed 
over the Lode zone and bordering shales shows no comparable 
breaks, however. This may be related to the fact that, 
within the soil or overburden, zinc appears to have a 
greater mobility than lead or copper, (Nicolls, 1964). 
Thus, transport of zinc from the soils overlying the Lode 
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zone will take place at a faster rate than either lead or 
copper, thereby giving rise to the relatively high zinc 
contents in the recent material deposited along the creeks. 
It is also interesting to note that, generally speak-
ing, the soils rich in calcrete and other calcareous 
material, (the Grey Calcareous Soiis), are low in the ore-
metals. These soils are frequently developed from the 
softer varieties of calc-silicates, which are very low in 
lead and relatively poor in zinc. Copper mineralisation, 
however, is widespread in the calc-silicate horizons 
within the region, and one nlight therefore have expected 
that copper would have appeared in some of the sectors 
occupied by the Grey Calcareous Soils. Its absence may 
be related to the fact that the more siliceous varieties 
of calc-silicates form a more favourable host rock for 
copper mineralisation, a suggestion borne out by field 
observation. Alternatively , if copper deposits do occur 
in the softer type of calc-silicate, the high pH of the 
overlying soils may inhibit the secondary dispersion of 
copper and therefore its appearance in the near-surface 
soils. 
Comparing the anomaly maps with those of the vegetat-
ion of the Lode Area , (Figs. 3B and C), suggests that 
high concentrations of ore- metal in the soil have a marked 
effect on the distribution of the tree, shrub and 
herbaceous species. The regions of maximum soil metal 
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enrichment , such as over the central and southern parts 
of the Main Lode and on the West.Lode , are entirely devoid 
of trees or shrubs, (Frontispiece). A marked change takes 
place in the ground vegetation also , with the more wide-
spread species giving way to distinctive plant assemblages 
over the metal- rich soils. These variations, however, 
will be more fully discussed in Section C. 
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SECTION B: THE MAJOR VEGETATION UNITS OF THE DUGALD 
RIVER AREA 
(1). Introduction 
As discussed in the Introduction to this thesis, 
previous investigations of vegetation distribution in 
western Queensland have been made over a much wider area 
than in the present study . Due to variations within the 
vegetation units, therefore, a classification proposed 
for a large region may not give a meaningful picture of 
the vegetation distribution within a smaller area . For 
this reason, separate classificatory units have been set 
up for the Dugald River Area . These are indicated in 
Table 6, together with their deduced equivalents in other 
investigations . 
Mapping of the major vegetation units was aimed at 
establishing the relationship between their distribution 
and the environmental factors . The l atter comprise the 
bedrock geology, relief, soil and the geomorphological 
processes acting on the landscape. Recognition of the 
major vegetation units, and the relative importance of the 
various factors governing their distribution, thus formed 
a background for the study of the composition and 
distribution of the plant assembl ages occurring over the 
mineralised zones within the region. 
The following description of the vegetation is based 
on mapping at a scale of one inch to 2000 ft . over an 
Table 6 OompE!!Q!Lof the Vegetation Units in the Dugald River Area with those o,f 
other InveBtigatio~ • 
.. ............ ,- ............... ............ ····~·· ····· · ........... -··· .... ·········•·· .. · .. ··· .. r····· .. ····· ................. , ....... ..-......... ................ _ .. : ..... _ ... ..... .. -.... . 
Sub- \ SUb-Form' \ western . Barkly Region. . 
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Present study (Cole, 1963)\ 195') l (Blake, 19'7) 1 1954) : 
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i 
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area measuring approximately 5 by 12 miles, (Fig . 6) . 
Mapping was carried out using aerial photograph enlarge-
ments, the dominants of each stratum and boundaries 
between the v egetation units being plotted directly in 
the field .. 
Larger scale maps were prepared of the Lode and Turkey 
Creek Areas, containing lead-zinc and copper mineralisat-
ion respectively, 3.nd of the area designated, "The Area 
north-east of the Quartzite Range", (Fig . 2) . At these 
localities the dominants of the tree/shrub strata and 
those of the ground vegetation have been depicted on 
separate maps. Variations in the vegetative cover within 
these areas have also been illustrated by transects . 
Although for the purpose of description the various 
associations have been generally treated as discrete 
units, it should be emphasised that many gradations occur 
in the field. Attempt has been made to indicate these on 
the larger scale maps, but this was not possible on the 
scale used for the regional map . 
Gradational zones are especially common between the 
various associations included in the sub-formation of Low 
Tree and Shrub Savannah . Here there is much overlapping 
between the units, with one species sometimes occurring 
as a dominant in two or three associations though the other 
dominants vary . Thus the sub-formation may be thought of -I 
as a continuum , altering by stages in its specific make-
-, 
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t 
I 
........ .... .... !j-
" 
VfGETATlON ASSOCIATIONS 
~ 
t:6:J 
~ ~ 
~ ~ 
D 
EU'AI!lptUS ~r,'V;(oli • . f . aidlromophloiA 
Triodi. pu"!lcns 
[u'AI!/plUS ~rgvifol; • . A'A';. chisholm; 
C:(om~ visc"jj\ 
EUCAI:w'us .r9i11t\Cc,' . E. Tfrm;nali, 
"""'A chishofmi . Triorli. pUI\~ns 
fucnl~pt\lS .r9;lk"(,,. i.. raminali, 
CAri .. a l .. egol."A. Spon:>toolUf 
4usrr..tlA$icus 
AstreW. p«Iin4' • . luil."", ma,rillh.rA 
Melal,,,,,, 1,UC<\d'Mron, Eu,al!ll"uf 
CAmaklunCNo., TriI'anio 9r.ndifl ...... 
Vegetation Map of Dugald River Area 
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up while retaining essentially the same structural form. 
However, the boundaries between this sub-formation 
and the Acacia cambagei Thicket, (developed on the later-
ite residuals), are generally abrupt. Similarly, the 
boundary with the Savanna Grassland of Astrebla pectinata 
- Iseilema macrathera, (on the Grey Soils of Heavy 
Texture), is normally fairly distinct. 
Hence, where variations in the environment are 
relatively small, variations in the vegetation are con-
fined to changes in the specific make-up. On the other 
hand, where the change in the environment is striking, as 
between the heavy clay soils occupied by the Savanna 
Grassland and the surrounding, lighter-textured material, 
then a different sub-formation is frequently developed 
and there is little species carry-over. 
A comparative list of the species occurring in the 
various vegetation units is indicated in Table 35, 
(Appendix C). This table has been prepared from data 
recorded by the transects made within the region, and 
from notes made during tbe actual field mapping. 
(2). Description of the vegetation units and distribution 
within the Dugald River Area 
Ca). Eucalyptus brevifolia - Triodia pungens association 
E. brevifolia F. Muell. is a low, (5-8 m.), tree with 
two or three main branches springing from a short trunk. 
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It bears a sparse crown of smal l , glaucous , greyish- green 
leaves , while the bark is smooth and white to pinkish in 
colour , (Plates 8 , 9) . Other trees occurring in the 
association include E. papuana , E. terminalis , Terminalia 
aridicola Domin ., and, rarely, E. aspera F . Muell . ~ 
pruinosa Schauer is also quite frequent in the north- west 
of the area . 
The shrub layer is generally sparse or absent , though 
on lower ground Carissa lanceolata R.Br . is generally 
present along sandy drainage channels and creeks . Acacia 
coriacea D. C. occurs in rocky regions , while Acacia 
retivenia F . Muell . and May tenus cunninghamii (F . Muell .) 
Loes , may be found in similar country or on lower areas 
of quartzite rubbl e . 
The tree spacing is relatively open , the intervening 
areas being dominated by the viscid , spiny grass , Triodia 
pungens . This species forms low hummocks , up to several 
feet in diameter and 18 ins . high . In many cases the 
centre of the hummock dies off while the plant cont i nues 
growth outwards . 
Spaces between the hummocks are occupied by a sparse 
growth of Cleome viscosa , which replaces T. pungens as 
dominant where areas have been apparently burned off . 
Sporobolus australasicus is common , particularly on fine -
textured soil . In these areas , the foll owing herbs and 
grasses are also frequent ; Tribulus pentandrus Benth., 
I · 
~lato 2 ~ucB1Y2tuB ~r vltolla- rlodla 
.,uneono oci tlon on quartzi t 
rub ~ lu and r v 1 

UC1!~~RtU9 br vif'olio. - ""rlodla 
Qungcna Ansociation on shales 
I 
I 
I I 
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Gomphrena brownii , Ptilotus fusiformis var . gracilis 
Poir ., Portulaca intraterranea J . M. Black , Heliotropi um 
tenuifolium R.Br., Eulalia fulva Kuntz ., Eriachne 
pulchella Domin ., and Enneapogon polyphyllus (Domin .) 
Burbridge . 
Where developed on the higher ranges , the following 
species also occur; Polycarpaea corymbosa Lam., Boerhavi a 
diffusa L., Amaranthus interruptus R.Br ., Indigofera 
linifolia Retz ., Enneapogon oblongus N. T. Burbridge , 
Schizachyrium sp ., Eriachne mucronata R. Br . and 
Paspalidium rarum D.K. Hughes . 
This associa tion is generally restricted to more ac i d 
environments , (pH 5 . 9- 6 . 2 , Table 4) . It forms a more or 
less continuous zone on the quartzite rubble and gravel 
bordering the Quartzite Range , (Fig . 6) . On the Range 
itself , however , it is replaced by another association , 
described below . It is also developed on stretches of 
coarse alluvium on the plains , on the high range of 
siliceous rocks near the eastern margin of the area , and 
on the lower hills and ridges formed of shales and sili-
ceous calc- silicates . 
(b) . Eucalyptus brevifolia - E. dichromophloia - Triodia 
pungBns association 
This association bears many similarities to the 
previous one , but differs in the occurrence of ~ 
dichromophloia F . Muell . as a co-dominant ~ This species 
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grows to 6 - 8 m. in height, and, unlike E. brevifolia, 
has a rather slender single trunk, covered by pink, 
slightly ridged bark . 
The trees grow widely spaced, and , in addition to , 
the dominants, E. terminalis and Terminalia aridicola 
are quite common in places . Acacia phlebocarpa F . Muell. 
is virtually the sole member of the shrub layer, and 
forms fairly dense cover in places . The ground storey 
is dominated by Triodia pungens , while Cleome viscosa 
and Enneapogon oblongus are frequent sub-dominants . 
Other herbs and grasses include: Borreria australiana , 
Ptilotus fusiformis var . gracilis , Solanum ellipticum 
R.Br ., Heliotropium tenuifolium, Gomphrena brownii, 
Schizachyrium sp ., and Eriachne pulchella . 
As in the case of E. brevifolia - Triodia pungens, 
this association is characteristic of an acid environment , 
(pH 5.8-6.0). Its distribution, however , is restricted 
to the high rocky uplands of the Quartzite Range . Run-
off from this area must be very rapid, but presumably the 
vegetation survives by tapping water held in crevices 
within the rock . 
(c). Eucalyptus brevifolia - Acacia chisholmi - Cleome 
viscosa association 
E. brevifolia occurs as a widely spaced low spreading 
tree as in the previous associations, but in this unit 
the turpentine bush, Acacia chisholmi, forms a fairly 
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dense cover. This species grows to 6 ft. or more, with 
several main branches covered by bro-Nn scaly bark, and a 
spreading crown of viscid, bright green leaves. 
Other trces include Terminalia aridicola, Eucalyptus 
terminalis and, on a ridge overlooking the Dugald River, 
a small stand of the bottle tree, Brachychiton australe 
Terr., (Plate 2). 
Cleome viscosa, a tall viscid herb, forms a rather 
sparse ground cover, with Triodia pungens, Enneapogon 
oblongus, Eriachne mucronata R.Br., Heliotropium tenui-
folium and Boerhavia diffusa also important. 
This association is generally restricted to a hilly 
range of calc-silicates bordering the east bank of the 
Dugald River, (Fig. 6). There is a slight improvement 
in soil development over that on the Quartzite Range, and 
presumably this, possibly with the more calcareous 
conditions, allows the growth of Acacia chisholmi. 
Apart from the occurrence of this shrub, the association 
bears a close resemblance to the previous ones. 
(d). Eucalyptus argillacea - E. terminalis - Acacia 
chisholmi - Triodia pungens association 
This is the most widespread association of the region, 
(Fig. 6). Eucalyptus argillacea forms an open woodland 
of low, (5 - 7 m.), spreading trees, with several main 
branches ,.~overed by a light greyish/brown fibrous, ridged 
bar~ carrying a sparse crown of light green lanceolate 
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leaves , Eo terminalis (bloodwood), differs in habit, with 
a single erect trunk reaching 10 m. in height, bearing a 
fairly dense crown; the bark is mottled brown to orange 
in colour and is covered by small scales which, near the 
base? exudes a red gum , (Plate 10). 
The two species normally occur as CO-dominants, al-
though e~ch may form the sole constituent in places. 
Other tree species occurring include the tall E. papuana. 
Grevillea mimosoides R.Br o , Acacia hemignosta F. Muell ., 
Hakea suberea S. Moore , May tenus cunninghamii, Atalaya, 
hemiglauca F. Muell e and Acacia bidwilli Benth.. 
Acacia chisholmi forms a shrub cover of variable 
density" In certain regions. this species is absent 
entirely, while in others, particularly along drainage 
lines and on the more calcareous areas, it forms a dense, 
sometimes impenetrable, growth . Other shrubs are rare, 
tLough ~:YQI2orum monta.p.um R.Br. sometimes occurs in the 
mm:'e open areas, while Acacia lysiphloia F. , Muell. ' and 
Cassia desolata may be found with A. chisholmi. 
--_._-----
The ground vegetation is dominated by a fairly dense 
cover of Triodia pungens, ,though Cleome viscosa is also 
important in most regions and sometimes forms the dominant 
species . The spaces between the Triodia hummocks are 
occupied by , numerous herbs and grasses, including the 
IDLlo','lin£,; Ptilotus fusiformis var. gracilis, Boerhavia 
diffusa, Tribulus terrestris and Heliotropium sPp., 
Plate IO ~ucalyetua argmllacea - E. terminalla -
.rtc,n.cia chiuholmi - 'ir1odla . p'un~ens 
Atisooiatlon on osle-silicates 
la1;e 11 ..:.,uoalyptua .eaeuana on interfluvial 
tract occupied by Arid ~ed bal'ths 

Eucalyt2tua ar~d.llacea - ~'. t nninalls -
. ,cnc i e chiliholm1 - '.t.rlodi pune;ens 
Assooiation on calc-aillcatee 
______ ~I.~ uucalyptua papuana on lnterfluvlal 
tract occu led by Arid ~ied Eal'the 
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Scaevola densivestita Domin., Gomphrena brownii, 
Ptilotus clementii var. pearsonii, Andrachne decaisnei 
Benth., Enneapogon polyphyllus, E. oblongus, Sporobolus 
australasicus, Eulalia fulva, Eriachne pulchella and,_ 
in certain localities, Triodia longiceps J.M. Black, 
This association is generally restricted to areas of 
more or less calcareous soils, (P. 70). Thus it is 
normally present in areas underlain by calc-silicates, 
(with the exception of the more siliceous varieties), 
and limestones. Since these rocks are more susceptible 
to erosion than the harder siliceous types, they form 
relatively low, undulating country_ The soils are 
normally skeletal. With increase in the depth of soil 
cover, the association generally gives way to the one 
described below. 
(e). Eucalyptus argillacea - E. terminalis - Carissa 
lanceolata - Sporobolus australasicus association 
E. argillacea and E. terminalis form the dominant 
trees in this association, though in places one or other 
may be absent, and, in certain localities, may be replaced 
by E. papuana. With Atalaya hemiglauca, the last species 
is particularly common on areas of flat, poorly drained 
ground, (Plate 11). 
In the north-west, E. pruinosa may form an important 
member of the tree storey. Acacia cambagei occurs as 
separate stands within the association, while Bauhinia 
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carronii F . Muell., (generally along drainage lines), 
'and Hakea suberea S. Moore may also be present.
o 
Carissa lanceolat.R: ~ sp':'ny shrub, 4 to 6 ft. in 
height, with light green lanceolate leaves, forms a 
sparse shrub layer. On some of the better drained soils 
its place is taken by Acacia chisholmi which here forms 
quite thick cover. Cassia desolata F. Muell., Eremophila 
latrobei F. Muell., M8.ytenus cunninghamii and Myoporum 
montanum are also quite frequent. 
The ground storey is normally sparse. Sporobolus 
australasicus occurs as a short annual grass, normally 
growing to a height of several inches. Triodia pungens 
is also common in the better-drained localities, forming 
a series of widely spaced hummocks • . Where the centre has 
died off, this forms a favourable situation for a number 
of other species, including Solanum ellipticum and 
Pterocaulon verbascifolium F • . Muell • . 
Other short annual grasses occurring with S. 
australasicus include; Aristida browniana, Enneapogon 
polyphyllus, Tragus australianus S.~, Blake, Perotis 
~. The following occur less frequently; Chrysopogon 
fallax S.T. Blake, Aristida pruinosa Domin. '0 Brachyachne 
convergens Stapf., Dactyloctenium radulans Beauv., 
Paspalidium rarum, Eulalia fulva and Eriachne pulchella. 
Iseilema macrathera, Eragrostis japonica Trin. and 
Chloris acicularis Lindl. may be found in clayey 
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depressions . 
The tall herb ~~le~~e viscosa is generally common 
th~oughout the area occupied by this association, though 
~encs to avoid the poorer-drained localities. It forms a 
3parse cover with a number of other, generally small, 
annual herbs, including; Comphrena brownii, Tribulus 
I. ~:..~.tandrus, T ~ terrestrt..§. , Portulaca intraterranea, 
!? r.s:~,7eria media and PtiJ C'tus fusiformis var. gracilis. 
rQ.~.0vola densivesti ta and Heliotropium tenuifolium are 
~_00 common on more c ~lcareous soils. 
This association is developed on areas oc~upied by 
the Arid Red Earth doils, of sandy clay loam to clay 
texture. Similar material occurs on the flood plains of 
the major rivers where , in addition to the present 
association , large tracts of the Acacia cambagei 
association are also present, (Fig . 6). 
During the dry season, the areas occupied by this 
association generally present a very bare appearance, 
(Plate 11), with most of the herbaceous stratum having 
died off. Immediately after the first rains, which tend 
to cause flooding due to the low gradients and high clay 
content in the soil, there is a sudden growth of short 
annual grasses and herbs. 
(f). Acacia cambagei association 
The dominant of this association is a low erect tree 
whose timber is frequently used for fencing, etc •• 
- 102 -
00veral branches bearing a rather dense crown of greyish 
e reen leaves spring from a short trunk covered by rough 
grey bark, (Plates 12, 13). The flowers are yellow and, 
l~ke the leaves, emit a foetid odour after rain. 
The tree oocurs in two distinot environments. On the 
J~O hand, it forms a low dense woodland on lateritised 
Ghc:es, limestone and Mesozoic sediments in the west and 
north of the area. Apart from a few occurrences of ~ 
brevifolia and Eremophila mitchelli, other trees are rare. 
An open shrub layer is present, however, with Cassia 
desolata and Eremophila latrobei fairly frequent, and 
A. chisholmi less so. The ground vegetation is sparse or 
absent entirely, presumably due to the high iron content 
of the soil and the heavy shade. However, the grasses 
Paspalidium rarum, Eulalia fulva, Schizachyrium sp., 
Eriachne mucronata and Triodia pungens may be locally 
important. 
Similar, though more open, stands occur extensively 
on the flood plains of the major rivers, (Fig. 6), and, 
less frequently, on gravelly areas on the level inter-
fluves and plains occupied by Arid Red Earths, (Plate 
13). An identical shrub storey is present, while 
Sporobolus australasicus forms a low, sparse herbage. 
On the flood plain occurrences, this association 
grades into a more open woodland with Eucalyptus 
terminalis, E. argillacea, Atalaya hemiglauca and E, 
ilate I? Ac gei on summit 
01: • ;csozoic ... osa 
Llate 13 AC cia camb gei on i'lood plain 

",late 12 on auramit 
.. 
of "eeozole ... ase 
~1 te 13 Acacia oambagci on flood pl-in 
- 103 -
pruinosa . Carissa lanceolata comes in as an important 
member of the shrub stratum in addition to those named 
above . Sporobolus australasicus with Aristida browniana 
and occasionally Brachyachne convergens form a sparse 
herbaceous stratum, while scattered tussocks of Triodia 
pungens are also frequent . 
(g) . Astrebla pectinata - Iseilema macrathera association 
A. pectinata is a perennial tussock grass, growing to 
a height of 30 ins ., 'with the tussocks varying between 
18 and 36 ins . apart . I . macrathera has a profusely-
branched habit , with reddish-tinged culms and sheaths; 
it is: rather tall (12 - 18 ins . ) annual which , however , 
persists well into the dry season . 
The association is confined to the Grey Soils of 
Heavy Texture on the flood plain of Cabbage Tree Creek, 
(Plate 14) . The surface consists of a series of low 
hummocks and depressions which , during the dry season , 
are traversed by a series of deep cracks . The dominant 
grasses are generally restricted to the hummocks , with 
the intervening spaces occupied by a thick herbage which 
includes the following species; Ocimum sanctum, Hibiscus 
trionum L. , H. ficulneus, Ipomoea lonchophylla , Neptunia 
gracilis , Euphorbia uhligiana, Ptilotus spicatus F . 
Muell . var . leianthus . 
Trees and shrubs are Virtually absent, though small 
clumps of Acacia cambagei occur in places . 
Plate 14 Astrebla eectinata - Iseilema 
macrath on Grey 
Soils of leavy I exture 
Plate 15 f.(elaleuca viridiflora and .c.ucalyetu~ 
camaldunena1s along the Dugald River 

late 14 A treble Qectinata - Iseilema 
~~~~~r~a ~~soclation on Grey 
Heavy exture 
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Alternanthera denticulata R.Br., Malvastrum spicatum 
A. Gray, Melothria maderaspatana Cogn. qnd Crotalaria 
aff. novae hollandiae D. C. Prod . The beds of the smaller 
creeks support a fairly sparse herbage of Cleome viscosa, 
Boerhavia diffusa, Indigofera spp ., Eriachne obtusa R.Br. , 
Heteropogon contortus Beauv . ex Roem and Schult·. , 
Chrysopogon fallax , Triodia pungens, Cyperus iria L'., 
Iseilema macrathera and numerous other species. Citrullus 
vuLgaris Schrad . occurs occasionally on sandbanks in the 
beds of the major rivers and near the smaller creeks . 
(3 ). The Lode Area 
(a) . Introduction 
The major geological and physical features of the 
Lode Area have been previously described, (PP . 48 , 49) , 
and only a short outline will be given here . It lies 
near the eastern margin of the Knapdale Quartzite, (Fig . 
2) , which forms rugged country in the west of the area, 
(Figs . 3A and 4A) . Parallel to the Quartzite Range, and 
separated from it by a wide zone of calc-silicates, runs 
the north-south ridge of sh21es and mudstones which con-
tain both the Main and West lead-zinc Lodes , (Frontis-
piece) . Northwards this unit lenses out between the calc-
silicates in the west and a thick horizon of dark argillac-
eous limestone, while to the east the latter is bounded 
by thin bands of shale, calc-silicates and quartzite . 
" 
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~s evidenced by the geological map, (Fig. 3A), the 
strike of the country rock is roughly north-south, while 
the regional dip is steeply west. 
The base of the Quartzite Range is flanked by a 
thick, gently-sloping, deposit of coarse colluvial 
_, ~Jv ",Tial deri.ved from the neighbouring higher ground , 
(Fi g . 4B). At the southern end of the area this grades 
into finer-textured sheet wash alluvium on a level vale, 
but in the north this unit is absent due to the converg-
ence of the Quartzite Range and the Lode Ridge. The 
shale and limestone horizons are largely covered by 
residual material, while on lower ground underlnin by 
outcropping calc-silicates, calcrete and other calcareous 
material predominates. 
The major creeks flow from west to east , although 
several of the larger tributaries have cut back north-
t 
south along the ~rike of the country rock. Wide terraces 
covered by coarse quartzitic alluvium border the creeks 
along the greater part of their length. Where the 
drainage has cut through the Lode Ridge, however, the 
terraces are absent or much constricted. 
(b). Tree and shrub cover 
The distribution of the major trees and shrubs is 
indicated in Fig. 3B . Eucalyptus brevifolia,joined in 
the higher regions of the north-west corner of the area 
by E~ dichromophloia, forms a low open woodland on the 
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slopes of the Quartzite Range and derived colluvium, and 
on the southern part of the outcrop of shales and mud-
stones, (Plate 8) . Smaller stands are developed on low 
ridges of siliceous fragmental calc-silicate8 east of the 
shale outcrop . Compnrison of the distribution of this 
species with the form line map, (Fig. 4A), indicates its 
close correlation with the regions of relatively high 
topography . 
The species E. argillacea and E. terminalis are wide-
spread, occurring on all rock types with the exception of 
the quartzite and quartzite boulder conglomerate . They 
are, however, generally restricted to lower ground; where 
they border on the E. brevifolia association on the high 
ground to the west, an intermediate gradational zone of 
all three species is generally present. 
Acacia chisholmi forms n fairly dense shrub layer 
along the smaller creeks, particularly where erosion has 
exposed calcrete and other calcareous material, (Fig. 4B) . 
Stretches of sheet wash alluvium on the lower ground in 
the south, central and eastern parts of the area generally 
carry an open woodland of E. argillacea and/or ~ 
terminalis. 
The main southern development of the Main Lode, 
(Fig. 3A) , the West Lode nnd a smaller area on a creek 
terrace to the west, are generally treeless . In the former 
areas, this is presumably due to toxic conditions in the 
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soil produced by the high concentrations of lead and 
zinc . 
The main creeks of the area are bordered by a dist-
~nct community of Eucalyptus camaldunensis, Tristania 
q~8n~iflora and Terminalia aridicola • 
... " .. .... -
:c) . Ground vegetation 
Triodia pungens is the dominant member of the ground 
storey over the major part of the area , (Fig . 3C) . In 
small parts in the south and north, it is replaced by 
Cleome viscosa . Since the conditions in these areas are 
outwardly similar to those in which T. pungens is well 
represented, it is probable that its absence here is due 
to fire . These are intentionally started by the local 
stock-men to bring on fresh growth at the beginning of 
the wet season . 
The level stretches of sheet wash alluvium, (Fig . 
4B), carry a sparse growth of Sporobolus australasicus . 
Aristida browniana is common in these areas , and also 
forms separate communities in the vicinity of the Lode 
at certain localities . The low woody herb Scaevola 
densivestita is generally restricted to outcropping 
calcrete and other calcareous material . Triodia 
longiceps, a harder , more spiny species than T. pungens , 
may occur in similar environments and is also present at 
the south end of the shale outcrop . The other species 
mapped are generally associated with mineralisation , 
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and will be discussed in Section C. 
(d). Discussion 
Comparison of the vegetation maps of the Lode Area 
with those of the topography and overburden, (Figs. 3B, 
C and 4A, B), strongly suggest that the distribution of 
the more widespread plants are largely controlled by 
relief and edaphic factors . 
This is further borne out by examination of the find-
ings of Transect 4, (Fig . 7), which runs east-west across 
the area, (Fig . 4C) . Three groupings of the plant 
species, each of them characteristic of a distinct 
environment in terms of the relief and soil, may be 
distinquished. 
(i). On the well-drained upland areas underlain by 
quartzite and shales, where the soils are acid, 
(Table 4), and contain abundant gravel-sized fragments:-
Eucalyptus brevifolia dominates the tree storey and 
Triodia pungens the herbaceous vegetation . Apart from 
Cleome viscosa, which is almost ubiquitous, Eulalia 
fulva and Tribulus pentandrus, the majority of the other 
herb and grass species are virtually absent. 
(ii). On areas of intermediate elevation, underlain 
by calc-silicates and limestones, with residual soils 
containing calcrete nodules :- Eucalyptus argillacea 
and E. terminalis are the most abundant members of the 
tree stratum. Triodia pungens, while still common, is 
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now joined by numerous annual herbs and grasses, including 
Sporobolus australasicus, Tribulus pentandrus, Ptilotus 
fusiformis var gracilis, Boerhavia diffusa and Helio-
tropium tenuifolium. 
(iii) . On the low-lying ground, veneered by fine-
textured sheet wash alluvium, between the quartzite and 
shale horizons and at the east of the transect:-
E. argillacea and E. terminalis again dominate the tree 
storey. Triodia pungens is largely replaced by annual 
grasses and herbs, such as Aristida browniana, Tribulus 
terrestris and Gomphrena brownii . 
The influence of relief, and consequently of drainage, 
on vegetation distribution is witnessed by the marked 
contrast in the vegetation occurring on the upland areas 
and that on intermediate to low elevation . This variat-
ion, however, may also be related to soil depth and 
texture, factors which are important as regards the water-
holding capacity of the soils . The soils of the upland 
regions, containing a high proportion of gravel and 
generally shallow in depth, may be assumed to be well to 
excessively-drained . On the other hand, the soils 
occurring on the level vale and interfluves at low 
elevations are poorly-drained due to the large amount of 
clay-sized constituents in the profile. 
In addition, there is a marked contrast in the 
vegetation occurring on the acid soils derived from 
• , I 
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shales and quartzite and that found on the basic soils 
developed on limestones and calc-silicates . It appears , . 
therefore, that the pH of the soil , together with those 
factors which govern the soil-moisture status , largely 
controk the distribution of the more widespread vegetat-
ion units in the Lode Area . 
A full discussion of the distribution of the vegetat. 
ion over the Lode will be delayed until the following 
section . At this stage , however , attention may be drawn:' 
to the striking change in the herbaceous cover over the 1 
mineralised zone, and the associated absence of trees . 
The dominant members of the ground vegetation , Triodia 
pungens and Cleome viscosa , are here replaced by an 
assemblage of Eriachne mucronata , Polycarpaea glabra , 
Bulbostylis barbata and , in this sec tor of the Lode , 
Aristida browniana . 
(4) . The Area north-east of the Quartzite Range 
(a) . Introduction 
The location of this area is indicated in Fig . 2. 
It is of interest because of the occurrence here of 
Tephrosia sp . nov o (Dugald R. ~mC/DMJP No . 5) , and 
Bulbostylis barbata , species associated with mineralisat. 
ion in other parts of the region . In addition , the area 
offered scope for study of the relationships between 
i 
the distribution of major vegetation units and variation~ : 
in the soils and overburden . 
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The general drainage direction is from south to 
northc The major creek lies in the eastern part of the 
region, while a series of small creeks and wash areas 
cra in the remainder, (Fig. 8B) . 
Most of the southern part is occupied by gently in-
clL1 3d sheets of rubble and gravel , derived by erosion 
~~om the Quartzite Range which lies some distance to the 
south-west . Similar material covers a broad zone border· 
ing the creek in the east and isolated areas on the pla~! 
in the north . The latter, however, is generally veneere,1 
by fine-textured Arid Red Earth soils. 
As discussed in the preceding section , it appears 
that these deposits have been largely derived by sheet 
wash erosion from the Quartzite Range. At the present 
time, however, stream erosion is also important. Where 
the smaller creeks traverse the quartzite rubble, they 
are deeply dissected with banks several feet in height. 
On debouchment to the plain , they merge into shallow was:' 
areas floored by the fine sand and loam, which they have 
deposited. An exception is the linear drainage line 
running north-west from near the centre of the area . 
This forms a marked feature on aerial photographs and, 
from its linearity and length, (nearly two miles), it 
seems probable that it is man-made . 
The geology is poorly exposed , but, from the few 
scattered outcrops it is apparent that the area is 
- 113 - , . . 
,I 
entirely underlain by calc- silicates . In the west these 
are a reddish variety with breccia-like appearance . 
Eastwards , they give way to a different type interbedded' 
with bands of hard , dark grey siltstone . 
(b ). Tree and shrub cover 
The distribution of the ma j or trees and shrubs is 
indicated on Fig . 8A . Eucalyptus brevifolia dominates a 
low open woodland over the southern and western part s of 
. 
the area , where it occurs on quartzite rubble and gravel !; 
As this grades northwards to finer material , E. 
-------~ 
goes out , to be replaced by a bordering zone of ~ 
argillacea - E. terminal is with scattered patches of 
shrub Carissa lanceolata . 
Much of the remaining area carries only a few 
scattered trees of the species E. argil lacea , ~ 
terminalis, E. papuana , and Atalaya hemiglauca , though 
C. lanceolata is quite common . Acacia cambagei forms a i 
fairly dense low woodland on str etches of gravel l y 
material . Other areas , apparently those with better 
soil- moisture status , are occupied by a shrub woodland 
of E. argillacea - E. terminalis and the tall shrub 
Acacia chisholmi . In places , this last species fo r ms 
dense thickets , while , in the more gravelly regions , it 
r 
is restricted to scattered clumps and is generally in 
poor condition . Cassia desolata is an important sub-
dominant . Isolat ed patches of rubble carry E. brevi foli 
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':wodland . 
The major creeks are lined by the trees E. papuana , 
(~~istania grandiflora and E. argillacea , while Acacia 
chisholmi is also common . 
(c). Ground vegetation 
Fig . f R indicates the distribution of the dominant 
members of the herbaceous layer . Triodia pungens is 
generally restricted to the rubb l y or gravelly material , 
~ I"~ 
though in~ east it forms a sparse cover on finer material' 
S~orobolus australasicus forms the dominant on t he Arid 
Red Earth soils , and is also frequent on the sandy wash 
areas extending into the spreads of coarser material . 
The low herb Trianthema triquetra , with Triodia longicepi 
and S . austral asicus , forms a sparse community on quartz-
ite rubble in the eastern part of the area . Current 
erosion has removed the top soil at this locality , and 
this has apparently inhibited the growth of other specier 
The di stribution of the shrub , Tephrosia sp . nov ., 
generally represented by dead stalks and branches , has 
been indicated on the map, (Fig . 8B) . In common with th' 
low sedge, Bulbostylis barbata , this species has a 
scattered distribution over the quartzite rubble in the 
western part of the area. 
(d) . Discussion 
i 
This region differs from the Lode Area in the lack 0: 
.. 
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,r 
any marked variation in the relief, and hence this facto r 
plays a relatively mi:vwr role in vegetation distribution:r 
As in the latter area , however, the drainage factor 
appears to have a powerful influence on the aerial exten 
of the vegetation units. 
A feature of the area is the virtually complete 
absence of tree cover over a large part of the level 
plain which occupies the northern and eastern sectors. 
This is probably related to the low gradients and to th~~ 
high clay content of the Arid Red Earths occurring in tb 
region. As evidenced by their water-logged condition 
after rains, the drainage at these sites is very poor~ ' 
The compact nature of the soils indicates a low porosity 
and it is probable that the bulk of the rain water recei' 
during the wet season is evaporated before it reaches ar 
great depth in the profile . 
On the other hand, the high porosity of the coarse 
quartzite debris in the southern and western parts of 
this area ensures that a higher proportion of the rain 
, 
water reaches the deeper soil horizons . Hence evaporatjJ 
will take place at a slower rate during the ensuing dry 
season . 
These variations in the rate of water-loss from the 
soils probably explains the preference for sites under-
" l ain by coarse-textured material shown by the tree specj 
and by the perennial grass Triodia pungens . On the othE : 
" 
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hand, the concentration of the tree and shrub species 
along the large creek in the eastern part of the area 
is probably associated with a localised rise in the water 
table . 
Transect 11 , which runs from north-east to south-
west across the western half of the area, provides a 
quantitative estimation of these variations in the veget-
ative cover . The results, (Fig. 9), show the marked 
contrast between the species found on the quartzite rubble 
and those on the Arid Red Earth soils which occupy the 
eastern half of the transec t. The characteristic species 
of each site are enumerated below. 
(i) . On the gently-sloping deposits of coarse quartz-
ite debris: - Eucalyptus brevifolia dominates the tree 
storey , with E. terminal~~ occurring sparingly towards 
the level plain in the east , and E. dichromophloia on the 
outcropping quartzite in the west . The ground storey 
comprises Triodia pungens and Cleome viscosa, with 
Bulbostylis barbata, Eulalia fulva and Heliotropium 
tenuifolium having a sparser distribution . Ptilotus 
fusiformis var . gracilis is found on the area underlain 
by outcropping quartzite. 
(ii) . On the Arid Red Earth soils:- two further sub-
divisions may be made in this sector . Within the zone 
800 to 1600W E. argillacen , E. terminalis and E. papuana 
............... 
form a very open tree cover, while the shrub Carissa 
,1 
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lanceolata occurs sparingly. Triodia pungens Rnd Cleom~ 
viscosa are generally sparse or absent, but numerous 
annual species, of which Bulbostylis barbata, Aristida 
browniana, Sporobolus australasicus and Breweria media 
are the most widespread, form a low herbage. 
East of this zone, towards the large creek which lies 
outside the limits of the transect, (Fig. 8), the veget-
ation is, by comparison, relatively luxuriant. The same 
species, though in greater abundance, form the tree 
canopy, but in this area Acacia chisholmi, Cassia 
desolnta and other species form a dense shrub layer. 
T. pungens is again sparse, though abundant dead material 
testifies to its former occurrence. A thick herbage, 
comprising numerous annual herbs and grasses is present. 
These variations in the vegetative cover reflect 
differences in the moisture-status and drainage of the 
soils. The vegetation occurring on the freely-drained 
quartzite rubble differs markedly in specific composition 
from that on the more poorly-drained Arid Red Earths . On 
the other hand, although the proximity of the creek has 
a llowed the formation of a dense growth of shrubs in the 
eastern part of the latter unit, there is a comparatively 
small variation in the specific composition of the tree 
and herbaceous strata throughout the zone occupied by 
these soils . This confirms the earlier observation that 
the intensity of a change in the environmental conditions 
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governs the degree to which the corresponding vegetation 
units will also vary. 
Although the geochemical results indicate above-
threshold levels for copper throughout the greater part 
of the transect, (see Table 5), no enrichment is evident 
in the areas occupied by the species normally assoc iated 
with mineralisation, Tephrosia sp . novo and Bulbostylis 
barbata. Hence, in this region, the occurrence of the 
plants is Rpparent ly un-related to at least near-surface 
mineralisation in the bedrock. 
(5). The Turkey Creek Area 
(a) . Introduction 
In this ~rea, lying some 6t miles north of the Lode, 
(Fig. 2), Tephrosia sp . nov., Polycarpaea glabra, 
Eriachne mucronata and Bulbostylis barbata are associated 
with several linear belts of malachite-stained micaceous 
shales, (Fig. lOB and Plate 18) . 
The remainder of the area is largely underlain by 
steeply-dipping calc-silicates with a general north-south 
trend. These are variable in lithology, some consisting 
dominantly of mica while others are composed of quartz, 
calcite and plagioclase . In the north-east, the calc-
silicates give way to quartzitic rock, apparently 
representing a shear zone. Smaller occurrences form low 
gravelly or rocky ridges within the calc-silicate outcrop, 
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while a more extensive zone flanks the area in the south. 
Erosion has prevented the development of any great 
depth of soil , and , over most of the area, this consists , 
at most , of a few inches of gravelly material . In the 
south-west , however , fine- textured soil of the Arid Red 
Earth type has developed on material presumably washed 
down from the high ground to the south . 
The region is traversed by northward- flowing , deeply 
dissected creeks . These are separated by level or gently 
rounded interfluves . 
(b) . Tree and shrub cover 
Fig . lOA indicates the mapped distribution of the 
dominant trees and shrubs . Eucalyptus argillacea is the 
most widespread species . In the central part of the area , 
it occurs with a fairly dense shrub cover of Acacia 
chisholmi , while , in the east , a large sector is occupied 
by an association comprising these two species and E. 
terminalis . This association is also developed on parts 
of the area occupied by the Arid Red Earth soils , the 
remainder of this zone being devoid of trees and shrubs . 
Similarly , over the main zone of copper staining , trees 
and shrubs are generally absent , apart from Tephrosia sp . 
nov o 
E. brevifolia forms an open woodland on quartzitic 
bedrock in the north-west and over part of the southern 
half of the region . A shrub layer is normally absent , 
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but A. chisholmi may be abundant in places . Mixed stands 
of E. brevifolia - E. argillacea - E. terminalis and A. 
chisholmi are common where the two main associations 
meet . 
Cc). Ground vegetation 
This is indicated in Fig . lOB, which also shows the 
distribution of the shrub Tephrosia sp . nov o Triodia 
pungens forms the dominant member of the herbaceous 
stratum over the bulk of the area . It occurs with Triodia 
longiceps in parts of the north-east and south-east of 
the region , while , in the south-west , it is replaced by 
a sparse growth of Sporobolus australasicus , on the Arid 
Red Earth oils . 
The distribution of Polycarpaea glabra , Bulbostylis 
barbata and Eriachne mucronata shows a close correlation 
with the belts of outcropping malachite- stained shales in 
the western part of the area . On the other hand, Tephrosia 
sp . nov ., while generally restricted in a living condition 
to the vicinity of these zones, is also represented by 
dead material over a wide, apparently barren, sector in 
the east . 
(d). Discussion 
The distribution of the more widespread plants in the 
Turkey Creek Area presents a relatively simple picture , 
and is apparently governed by variations in the drainage 
status and parent material of the soils . 
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Eucalyptus brevifolia favours the higher, better-
drained regions while E. terminalis, E. argillacea and 
Acacia chisholmi tend to occur on lower ground . In part 
this may be correlated with variations in the nature of 
the residual soils which occupy the bulk of the region. 
The harder, more siliceous rocks which form the upland 
areas give rise to acidic soils . On the other hand, the 
more calcareous varieties of the calc-silicates, since 
they weather more easily, occur on lower ground and in 
these areas the soils tend to be consequently basic . 
The Arid Red Earth soils which occupy the level plain 
in the south-west corner of the area are largely devoid 
of tree and shrub cover . A similar feature was observed 
in the Area north-east of the Quartzite Range, where it 
was suggested that the sparseness of the vegetation was 
related to the high clay content of the soils. This, 
combined with the low gradients, gives rise to poor 
drainage conditions . A large proportion of the rain 
water received during the wet season will probably remain 
in the upper soil horizons, and will be quickly lost by 
evaporation during the following dry season . Thus, 
insufficient water-supply during the rainless period may 
explain the absence of the deeper-rooted trees and 
shrubs, and the perennial grass T. pungens, from these 
sectors . 
The malachite-stained shale in the western part of 
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the area do not give rise to any marked relief feature . 
Likewise , the soils developed over the mineralised zone 
are outwardly similar to those on neighbouring , un-
mineralised rocks . It appears , therefore , that the 
absence of treb~ o~ shrubs , apart from Tephrosia sp _ nov., 
is associated with the high copper concentrations in the 
soils overlying and surrounding the mineralised zones . 
Transect 12 , which runs east-west across the southern 
part of the area , (Fig . lOB) , illustrates the major 
variations in the vegetative cover . The open nature of 
the tree and shrub canopy on the Arid Red Earths at the 
western end of the transect is evident , (Fig . 11 ), while 
Sporobolus australasicus , Enneapogon polyphyllus , Aristida 
browniana and Tragus australianus form only a sparse 
herbage . 
Over the greater part of the dissected region to the 
east the ground vegetation is dominated by T. pungens, 
Cleome viscosa and the low grass Eriachne pulchella . 
hucalyptus argillacea, E. terminalis and E. brevi folia 
form a fairly close tree canopy, while Acacia chisholmi , 
though often dead , forms very thick cover in places . 
Few clear-cut divisions can be made in the vegetation 
over this wide zone of calc - silicates . In part this is 
related to the lack of contrast in the relief . The 
geology also shows little marked variation , though a 
"quartz blow", or shear zone filled by quartzitic material , 
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outcrops at 900E. At this locality E. brevifolia is 
viytually the sole member of the tree stratum, again 
de~onstrating the preference of this species for soils 
for ived from acidic rocks. Similarly, the sparsity of 
.~]~ te_I2II!.ina~is, E.--2.DSi l 1acea and A.:...shisl1c.21rr.!-i c;onfir'ms 
the earlier observation that these species tend to Qvojc. 
acidic soils. The latter species are common, however~ 
tovTards the eastern end of the transect, where the calc-
silicates, here of the calcareous variety, give rise to 
basic soils. Triodia lon~iceps is also frequent in part 
of this sector, replacing T. pungens as the dominant 
member of the herbaceous layer. 
A full discussion of the factors governing the 
distribution of species associated with the malachite-
stained shales will be delayed till the following section. 
The geochemical results for Transect I2 , however, confirm 
the geological evidence that the calc-silicate rocks are, 
in general, low in copper. The small peak in the curve 
for this metal at 700E is probably related to a small zone 
of malachite- staining north of the line of the transect. 
This is marked by a small patch of Eriachne mucronata and 
Tephrosia sp . nov . , (see Fig. lOB), but it is evident that 
the major development of the latter species in the zone 
traversed by Transect ~ is not associated with copper 
enrichment in the substrate . 
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(6) .. Conclusion~ 
(i) .. The most widespread vegetation sub-formation 
occuring within the Dugald River Area is that of Low Tree 
and Shrub Savanna. Structurally this unit comprises a:1 
open cover of low trees, a discontinuous shrub layer, 
a sparse to mid-dense herbaceous stratum, generally 
dominated by the coarse, xeromorphic hummock grass 9 
Triodia pungens . The Thicket sub-formation is rGpresente ,~ 
by scattered stands of Acacia c2.mbagei, while Savanna 
Grassland is found on heavy clay soils on the flood plains 
of the major rivers . 
(ii) . Generally speaking, there is little species carry-
over between these various sub-formations, though Acacia 
cambagei may occur as a sub-dominant in the Ilow Tree and 
Shrub Savanna . Within the latter unit, however, many 
species carry-over from onc association to the next . 
(iii) . The boundaries between the areas occupied by 
different sub- formations are normally fairly abrupt, but 
gradational zones are common between the various associ-
ations of the Low Tree and Shrub Savanna . 
(iv) • The Eucalyptus brevifolia - E. dichromophloiB: --
Triodia pungens association occupies well-drained, 
shallow , acid soils on the Quartzite Range. 
Cv). Well-drained, acid soils derived from shales and 
fragmental calc-silicates, and tracts of quartzitic rubble 
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and gravel, carry an open woodland association of 
Eucalyptus brevifoli~ ar~-::' rriodia pungens. 
(vi) . Hilly regions underlnin by c a lc-silicates a~c 
normally occupied by the Eucalyptus brevifolia - Acac:i.i' 
--- -. ._-_. __ .- --- .. 
chisholmi - Cl~ome v~s~os~ ~ssoc iation« 
(vii)o The association of Eucalyptus argillacea - E. 
terminalis - Acacia chisholmi - Triodia punge~s, the moot 
abundant in the region , occurs on fairly shallow, basic 
soils derived from limestones and calc-silicates . These 
tend to weather rela tively rapidly, and hence the assoc~at-
ion is found on areas of low to intermediate elevation . 
(viii ). Low interfluves covered by Arid Red Earth SOils, 
and fine-textured flood plain deposits, generally carry n 
fairly sparse association of Eucalyptus argillacea - ~ 
terminalis - Carissa lanceolata and Sporobolus australasi-
~. The open nature of the tree cover and sparsity of 
Triodia pungens in this unit may be associated with the 
low gradients and high clay content of the soil . These 
factors induce poor drainage and n rapid loss of soil-
water by evaporati~g during the dry season . 
(ix ). Thickets of Acacia cambagei ~re relatively common 
on the level interfluves ~nd flood plains . Apart from 
these occurrences, however, the distribution of this 
associntion is restricted to isolated relicts of lateritic 
soils . 
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(x). The Astrebla pectinata - Jseilema mncrathera 
tussock grassland occurs on low-lying clay soils which 
are probably subjec~ to flooding during the wet season. 
(xi) . Tall Melnleuca leucadendron 8.nd Eucalyptus 
c8.maldunensis trees fringe the maj or rivers, where V'Tat e::.:-· 
is presumably available at shallow depth during the dry 
season. As the creeks diminish in size towards their 
source, these species die out and are replaced by the 
lower tree, Tristania grandiflora . 
(xii). Those factors, primarily relief, drainage and the 
soil depth and texture, which govern the supply of water 
to the plant roots, appear to play a dominant role in the 
distribution of the major vegetation units in the Dugo1.1d 
River Area . Variations in the pH of the soil are also 
important, however, while low phosphorus and potassium 
contents may have a bearing on the distribution of Acacia 
cambagei . 
(xiii) . Although soil analyses , (see previous section) , 
indicated variations in chemical content between soils 
occupied by different aSSOCiations , variations within an 
area occupied by a given association were also common. 
This suggests that the factors mentioned under (xii) above 
have a greater influence on the distribution of the veget-
ation units than the concentration of the major or trace 
elements in the substrate. 
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SECTION C: DISTRIBU'rION OF PLANT SPECIES ASSOCIATED WITH 
MINERALISATION 
(l)c Introduction 
A survey of previous literature on the relationship 
between certain plants and mineralised deposits has been 
given in the Introduction to this thesis . The present 
investigation was aimed at establishing which plants were 
associated with the ore-deposits in the Dugald River Area, 
and which were the factors governing their distribution. 
Further, the study sought to ascertain whether these 
species, the "Indicator Plants", were only associated with 
certain types of ore-deposit or with mineralisation in 
general; whether they were restricted to a certain range 
of ore-metal concentration in the substrate; and finally, 
to assess their importance in mineral exploration for 
base-metals in the region . 
The greater part of the field work was carried out in 
the Lode Area . Reference has already been made to the 
remarkable "cut-outll of the more widespread plants, which 
may be conveniently termed the background vegetation, over 
the ore-deposits . The background species are replaced by 
an assemblage comprising Tephrosia sp. nov., (Dugald R. 
l\IMC/DMJP No . 5), Polycarpaea glabra, Eriachne mucronatB:, 
Bulbostylis barbata and Fimbristylis spo, (Dugald R. 
MlVIC/DMJP No . 279) . 
A similar assemblage is associated with zones of 
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copper mineralisation in the hangingwall shales of the 
Lode , and likewise on malachite- stained shales in the 
Turkey Creek Area . The distribution of the assemblage 
species was mapped , and the variations in the vegetation 
over the mineralised zones measured by means of transects. 
Changes in the soils along the transects were recorded 
from profile pits , and soil samples collected for major, 
spectrographic and geochemical analysis . A full descript-
ion of the field techniques is given in Section A~ 
Finally, the distribution of the species was mapped 
throughout the entire Dugald River Area, and several geo-
chemical traverses made across those occurrences where 
the plants were not associated with obvious mineralisation . 
(2 ). The Dugald River Lode Area 
(a ). The distribution of the species associated with 
mineralisation 
This discussion centres mainly on the shrub and 
herbaceous species , since , with the possible exception of 
Eucalyptus terminalis, none of the tree species show a 
direct affinity with the mineralised zones . In f~ct, as 
indicated in Fig . 3B , over the greater part of its out-
crop the Lode is devoid of tree cover, (Frontispiece). 
This, together with the distinctive plant assemblage 
developed over the mineralised rocks, serves to distingu-
ish this zone from the neighbouring, un-mineralised , areas. 
Although the species comprising the Lode assemblage 
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are most abundant over the known mineralised zones, they 
also have a scattered distribution in areas where mineral-
isation has not been proved, or is of low grade. 
Thus , Eriachne mucronata is fairly common on the 
shales bordering the Lode, particularly in the south of 
the area , (Fig. 3C . ) . Many of these occurrences mark the 
site of pockets of low-grade copper or zinc mineralisation 
generally capped by ferruginous gossans. Moreover, comp-
arison of the distribution of this species with that of 
copper and zinc in the soils of this sector , (Fig . 5), 
reveals a fairly close correlation between E. mucronata 
and minor copper and zinc anomalies . 
Similarly , Tephrosia sp . nov o is associated with a 
minor copper anomaly near the 2500 N station on the Base 
Line , and Fimbristylis sp, occurs near a small zinc anomal; 
at 6000 N, (Figs . 3C and 5) . 
However, not all of these isolated occurrences can be 
related to mineralisation or to zones of metal enrichment 
in the near-surface soils . Thus Eriachne mucronata is 
found , albeit sparingly , on the barren quartzite and 
quartzite boulder conglomerate horizons in the west of the 
area , where the geochemical resul ts indicate low values 
for copper , lead and zinc . Similarly, Tephrosia sp . nov o 
occurs on quartzite in the south- west , while Polycarpaea 
glabra and Bulbostylis barbata are both found along the 
beds of several creeks draining the Quartzite Range in the 
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north-west . Again , soil and stream sediment analysis 
indicates low values for copper , lead and zinc in these 
areas. 
Apart from one or two small patches of E. mucronata 
and Tephrosia spo nov., none of the species characteristic 
of the Lode assemblage occur in the vicinity of the small 
copper showings in the western band of calc- silicates , 
(Fig . 3A) . The deposits are of relatively low grade , how-
ever, and, generally speqking , only minor copper anomalies 
are developed in the overlying soils, (Fig . 5). Moreover, 
these soils are frequently calcareous and, as will be 
described later, the species of the Lode assemblage tend 
to avoid this type of environment . 
Over the greater part of its length, the Lode assemb-
lage is dominated by the species Eriachne mucronata , 
polycarpaea glabra and Bulbostylis barbata , (Figs . 12 and 
13). In the south, the assemblage occupies the pronounced 
ridge of the hangingwall shales, (Fig. 4A), which here 
contain sporadic copper mineralisation . On the other hand, 
the Lode, here poorly- developed and of low grade, is 
marked only by scattered clumps of Bulbostylis barbata . 
As the grade of the ore increases to the north and the 
copper mineralisation in the hangingwall gives way to 
barren shales , there is Cl corresponding "cross-over" of 
the assemblage from the hangingwall to the Lode zone. 
Examination of Fig . 5 indicates that this "cross-over" 
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follows closely that of the soil copper anomaly, which in 
the south is developed over the hangingwal l but further 
north occurs over the Lode. The geochemical results also 
confirm the increasing tenor of zinc and lead in the ore 
as the Lode is followed northwards . 
Just south of Silvermine Creek, (Fig . 12), the Lode 
is masked by a thin cover of alluvial material . The line 
of the mineralised zone, however, may be followed by 
scattered clumps of Bulbostylis barbata and Eriachne 
mucronata . These species are also represented in the 
vicinity of the linear gossan to the west of the Lode, 
where the geochemical results indicate minor copper and 
zinc anomalies, (Fig . 5) . 
The distribution of Tephrosia sp_ nov o in this region 
is also interesting. The shrub occurs on the banks of 
Silvermine Creek and along the small northward-flowing 
tributary which drains the Lode zone . Its distribution 
in this sector of the Lode is therefore restricted to 
these areas of low elevation , deeper soil and , presumably, 
increased water supply _ Thus, its absence from the higher 
ground to the south may be related to the shallow , well-
drained nature of the soils . 
To the north of Silvermine Creek , the shales enclosing 
the Lode give rise to a pronounced relief feature, (Figo 
4A and Frontispiece ) , breached in places by small eastward-
flowing creeks . The Lode itself lies in a small depressior 
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"between two parallel ridges formed by the hangingwall and 
footvrall rocks. The former ridge is the less pronounced 
of the two, and further north dies out altogether as a 
~opogr3phic feature. 
In this sector the position of the Lode assemblage has 
z~ifted further to the east and now occupies the Lode and 
.~·ootwall, forming a linear belt which extends northwards 
for about 2000 feet without any interruption, From ~-OO e 
to 1600 N, the assemblage comprises the species Eriach~~ 
~~cronata, Polycarpaea glabrg and Bulbostylis barbata, 
while Fimbristyl~s SPa has a sparse distribution at the 
southern end. E. mucronatn also occurs on gossanous shales 
between 300 and 600 Nl and over the outcrop of the West 
Lode from 1000 to 1300 N. B. Barbata is fairly common on 
the shales bordering the mineralis ed zone, while Tephrosia 
spo novo is found along the small creeks which traverse 
the Lode, as at 800 N. It is a1sD found in seedling form, 
however, over a fnirly extensive area on the hangingwall 
shales between 200 and 300 N, (Plate 17), while further 
north abundant dead stalks and branches testify to its 
former, more widespread, distribution . 
Examination of Fig . 5 indicates that the soils develope 
on the footwall shales are appreciably richer in zinc and 
lead than those on the hangingwall . Copper, on the other 
hand, forms minor anomalies on the hangingwalls of both 
the Main and Western Lodes. It is apparent, therefore , 
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that the Lode assemblage, largely confined tr the footwall 
rocks , occupies the zone of maximum zinc and lead enrich-
ment in the near- surface soils of the region . 
Within the sector from 1600 N to Acacia Creek , (Fig. 
13), the width of the assemblage decreases markedly and 
its distribution becomes more sporadic . Its character also 
changes, with Polycarpaea glabra and Bulbostylis barbata 
largely dying out to leave a mono-specific community of 
Eriachne mucrunata . This forms a narrow belt over the low 
ridge of the footwall rocks . In places the Lode lenses 
out, with a concomitant decrease or absence of E. mucronata 
and a fall in the level of lead and zinc in the near-sur-
face SOils, (Fig . 5) . Tephrosia sp . nov o is again repres-
ented by numerous dead stalks and branches on the hanging- , 
wall shales. 
The Lode is masked by coarse quartzitic alluvium, one 
to two feet in thickness, on the low interfluve between 
Acacia Creek and its southern tributary . Its course , how-
ever, may be followed by a fairly dense growth of Tephrosia 
sp. nov ., with scattered patches of Bulbostylis barbata . 
Tephrosia sp . nov o is also common north of the creek, 
forming a belt about 1000 ft . long and 200 ft . wide over 
the narrow gossan marking the Lode outcrop . B. barbata is 
lnrgely restricted to the immediate vicinity of the gossan 
while, apart from one or two isolated occurrences, Eriachne 
mucronata is absent . 
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Between 4900 and 5300 N, the Lode dies out on the sur-
face , with a corresponding decrease in the level of lead 
and zinc in the soils, (Fig. 5) , and absence of the Lode 
assemblages . From 5300 to 5700 N, however , the Lode again 
outcrops and the geochemical results indicate zinc , lead 
and copper anomalies in the overlying soils . Eriachne 
mucronata forms a linear belt on the narrow Lode gossan , 
while patches of Tephrosia sp 0 nov. and Bulbostylis barbata "' 
occur on the neighbouring shales o 
(b) . Factors influencing the distribution of the species 
From the results of the mapping and quantitative 
measurement of the large-scale variations in the vegetative 
cover of the Dugald River Area, and likewise in tDose 
areas studied in detail , it appears that the distribution 
of the more widespread plant species is largely governed 
by the factors of relief, drainage, soil depth and texture , ' 
and the pH of the soil. 
The investigations in the Lode area , however , seem to 
discount tllese factors as a major influence on the distrib-
ution of the species associated with mineralisation . For 
example , the Eriachne mucronata, Polycarpaea glabra , 
Bulbostylis barbnta assemblage is equally extensive where 
the Lode shales form a ridge as where they form no pron-
ounced relief feature . This is well illustrated by comp-
arison of Transects 2 and 3 , (Figs . 14, 15) . In the former. 
, 
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copper-bearing hangingwall shales . On Transect 3 9 how-
ever , the species of the Lode assemblage are equally 
abundant over the mineralised rocks although the relief 
is much less pronounced . 
Since, all other conditions being equal, the drainage.-
status of the soils is largely influenced by relief, it 
follows that this factor also has little effect on the 
distribution of the assemblage species . Citing the 
of Transects 2 and 3 again , it is apparent that the 
assemblage on the well-drained soils of the ridge shows 
little variation from that at lower elevation , where the 
soils are presumably relatively poorly-drained . 
As previously mentioned, however, the living specimens 
of Tephrosia sp . nov o are generally confined , in the imme-
diate vicinity of the Lode, to those areas of low elevat-
ion such as along the creek banks . This suggests that 
the present-day distribution of this species is influenced 
by factors of relief and drainage , and that only in those 
regions of low elevation is the water supply to the plant 
roots sufficient to maintain growth . 
On the other hand, dead stalks and branches of the 
shrub are common on the hangingwall shales between 1200 
and 3400 N, where the shales form the western flank of the 
pronounced Lode ridge . 
This contrast between the different sites occupied by 
living and dead specimens of Tephrosia sp . nov o is well ~ 
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illustrated by compnri.son of Transects 6 and 7, (Fig . 18 , 
19) . In the former, which crosses the Lode zone at 2600 
N, dead material is abundant on the shales west of the 
Lode , which here forms a pronounced feature. A few living 
specimens occur on the sb~le horizcn , but these are res-
tricted to the low- lying country near the large creek at 
500 W. On Transect 7, however, where the Lode shales out-
crop as a low rise, little- elEvated above the creek to the 
west , the shrubs which occupy the shale horizon are a l l 
living . 
It seems possible that the large creek to the west of 
the Lode on Transect 7 may give rise to a localised perched 
water table . Moreover, during the dry season , the water 
table in the regions of upland topography will probabl y 
sink at a faster rate than in the low- lying areas , due t o 
the lateral flow of water from high to low ground through 
the soil and weathered rock . It would follow , therefor e , 
that the supply of water to plant roots will be maintai ned 
for a longer period after the cessation of the wet season 
in the low- lying regions , where , as we have seen , Tephros i a 
sp . nov o is most abundant , than in the upland areas. 
At this stage attention may be drawn to the occurrence 
of both dead and living shrubs on the low ridge of quartz-
itic limestone agglomerate east of the Lode on Transec t 
6 , (Fig . 18) . Although mineralisation was not observed a t 
this locality , the geochemical results indicate a mi nor 
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copper anomaly in the soils over the agglomerate horizon. 
The precise reason for the abundance of living specimens 
here, and their paucity on the hangingwall shales to the 
west, is unclear. Although the soils on the agglomerate 
ridge are shallow, and therefore presumably well-drained, 
it is possible that the lower elevation of the ridge 
compared with that of the Lode shales has allowed an in-
creased supply of water to the plant roots. 
From the widespread distribution of the dead material, 
it is apparent that Tephrosia SPt nov. was formerly much 
more abund~nt on the shales bordering the Lode. Taking 
into account the fact that at the present day the shrub 
is largely confined to the low-lying areas of favourable 
water-supply, it seems probable that the reason for its 
death over the greater part of the upland regions lies 
in the drought conditions which prevailed during the years 
prior to the present study, (Table 1). 
There is evidence, however, that regeneration is now 
taking place. Thus at 400N, (Fig, 12), small seedlings 
of Tephrosia sp. nov o were found over quite an extensive 
area of the ridge formed by the hangingwall shales, 
(Plate 17), This suggests that, in time, the shrub will 
regain its former abundance on the shales bordering the 
Lode. It follows that, given normal amounts of rainfall 
for this part of Queensland, Tephrosin sp. novo may sur-
vive equally well on sites markedly different in relief 
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and drainage, and that these factors are not the principal 
ones governing its distribution. 
The transect data also seems to discount soil depth 
, 
or texture from having an important influence on the extent 
of the Lode assemblage . Along the greater part of the 
Lode outcrop, the soils developed over the shale horizons 
are of residual origin, (Fig. 4B). Generally they consist 
of a few inches of shale gravel in a sparse, fine-textured 
matrix. From Transects 4 and 5, (Figs. 16, 17), it is 
apparent that there are no major differences in soil depth 
or texture between the zone occupied by the Lode assemblage 
and that occupied by the background vegetation. 
Where, however, the shallow residual soils give way to 
deeper alluvial material, as on the south bank of Silver-
mine Creek, (Fig. 12), there is a significant change in 
the herbaceous vegetation over the mineralised zone. The 
Lode assemblage is replaced by the normal background veget-
ation, although Eriachne mucronata and Bulbostylis barbata 
are still common and serve to delineate the sub-outcrop-
ping Lode. 
At the second locality where the Lode zone is covered 
by alluvial material, on the interfluve between Acacia 
Creek and its southern tributary, (Fig. 13), the charqcter 
of the Lode assemblage shows a striking change. The mono-
specific community of Eriachne mucronata, which occupies 
the shallow soils over the footwall ridge to the south, 
: 1 t)u tW'f~'" b.U.rQo 
: 1 P'""'1c", ,,,p • • 4I " ......... 
, ~, ..... 
/'- '-- ... "'" "'\ 
\ 
. 
.. 
AI 
I 
uvi"9 
'-:~"_"'I_- ._ .. ~ ~"\,.~/," '~ 
i 
r:b c 
T,." lAy ..,. .l'4",0,,-
per loon. 'f'UJrw 
Sitruh "~r . NUIflNr 
IW' 1041 If. qlJU,..' 
LEG [li D 
1,..., SpnlfJ 
o l.1Jll1I)ptuJ brmfol,' • 
o ElK~IJ,-uJ .",.IIM,. 
• (1K. ,yptw fI,.".,fNIi" e c ...... !'ptus f'¥U4". 
• AtM,. b.J..,.,lIi 
('J A~.(i. 1t,,".'!n"lt~ 
Shrub )p' •• (.I 
6 Uphn·lu. ,p '&QV. 
• r."t.h.~ l.,..c,oJilfu," 
Rolk Typ .. o Vf;,,~Jw.... 
[Ft. J F,n'w~'IW'U' ... i ... ", 
Cc, J \,;,.,ueon 
1', 1 ~ \\1.11 · b • .u ... 
tr'i'j .,."lIouow t'"' ''''' 
==:l S.I .UNI ..... 
~tftMy"t"""II1w:' B M,t.~ '''')'.~ 
r:J G~I'lt ~ 
S",I To ~Yloo" 
[!J o..--v., ........ 
~ Ro.I. f-t-
Fig. 11 Results of Transect 5. 
~ld R~ver ~~de Area 
- 139 -
gives way to an assemblage of Tephrosia sp . nov o and 
Bulbostylis barbata on the coarse alluvium which masks 
the Lode . 
These species, however , are equally abundant on the 
residual soils over the Lode zone and footwall north of 
Acacia Creek . Thus , although soil type may cause slight 
variations in the specific make- up of the Lode assemblage? 
or even cause it to be largely replaced by the backgrounc 
vegetation, it does not appear to be the major factor 
governing the distribution of the species comprising the 
assemblage . 
The Lode assemblage occupies soils which , generally 
speaking , are slightly more acid than those underlying the 
background vegetation on the neighbouring shales . Thus, 
examination of Table 4 indicates that the pH in soil 
samples from the area occupied by the Lode assemblage 
ranges from· 5.6 to 6.2, while those from un-mineralised 
shales show a range of 6 . 0 to 6 . 6. 
It seems unlikely , however, that such a small variat -
ion in the acidity of the soil could lead to the abrupt 
change in the vegetation as occurs over the mineralised 
zone . On the other hand , it appears that large ·va,ri'ati"·· 
ons in soil pH may h~ve an important effect on the dist -
ribution of the species associated with mineralisation. 
The geochemical results on Transect 7 , (Fig . 19) , indicate 
a copper anomaly on the western limestone agglomerate 
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horizon, associated with a small copper showing about 150 
ft . to the north of the line of the Transect, (Fig . 3L)o 
Apart from a few tussocks of Eriachne mucronata, howevc::" 
the mineralised zone and related soil copper anomaly ir-
not marked by any of the species normally associated VI:-.':,-',). 
mineralisation . Their absence may lie in the fact th~~~ 
at this locality, the limestone agglomerate is very cal~­
areous and consequently the overlying soils basic, (pH 
about 7.2). This is further evidenced by examination of' 
Transect 6, (Fig . 18), where Tephrosia sp. novo shoWG a 
remarkable cut-out over the argillaceous limestone hori-
zon, where the soil pH ranges between 6.4 and 7.6, 
(Table 4), Rl though the level of le ad and zinc is relati VG-·, 
ly high. Similarly, the shrubs avoid the calc-silicates 
at the west end of this transect, where again the soils 
are very calcareous. As previously mentioned, however, 
the species is well represented on the ridge of the east-
ern limestone agglomerate horizon at this locality, but 
here the agglomerate is of the siliceous variety and the 
soils consequently aCidic, (pH about 5. 6). 
Variations in the chemical constituents 01' the soil? 
apart from the ore-metals, do not seem to h:we an important 
influence on the distribution of the species associated 
with mineralisation. Although the majGrity of the soil 
samples from the Lode and footwall [tre enriched in phos--
phorus Go~pa~ed wjt~ the general level of this element in 
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the soils of the region, (Table 4), some samples from 1-:1"11 .•• 
mineralised localities are also high. Thus the maxi:.nnn 
value in soil samples from the Lode or bordering graphi-c i c; 
shales is 1500 ppm, compared with a maximum of 830 ppm 0 ·.., .... 
neighbouring un-mineralised shales. The source of the 
phosphorus may be primary metnllo-phosphate minerals in 
the ore-deposit, such as pyromorphite, (Pb 5Cl (P04 )3). 
While phosphorus may have some bearing on the dist2"'ibL;,~\. 10n 
of the Lode assemblage , the low order of the variation 
between the soils of this zone and those of the backgro':~d 
vegetation suggests that other factors are more important. 
While factors of relief, drainage, water-supply, soil 
type, pH and the major element content in the soil may 
have some influence on the distribution of the species OL 
the Lode assemblage , it is apparent that it is the presence 
of mineralisation and the consequent anomalous concentrot-
ions of ore-metal in the overlying soil which are the 
overriding fl1.ctors. The "cross-over" of the Lode assemblagE 
from the hangingwall to the footwall near Silvermine Creek 
affords evidence that it is not the lithology of the 
mineralised rocks, as such, which governs the distribution 
of the species comprising the assemblage , but rather the 
associated high metal concentrations in the rooting mediumo I 
This may be further illustrated by comparison of 
Transects 8 and 9, (Figs. 20, 21). In the former, the Lode 
outcrops as a narrow gossan and the level of lead and zinc 
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in the near-surface soil is in consequence relatively 
high, attaining maxima of 300 and 3000 ppm respectively, 
Tephrosia sp . nov o is abundant over the Lode and footwall, 
though other members of the Lode assemblage are absent. 
On Transect 9 , however, the Lode does not come to the su~.:'­
face and the level of le ad ond zinc in the overlying so:'_l 
does not exceed 10 and 1500 ppm respectively . None of the 
species of the Lode assemblage, with the exception of a 
sparse growth of Bulbostylis barbata, are present . 
Of the three metals, lead shows the most marked varia-
tion between the two localities, (the level of copper 
being of the same order on both transects) , suggesting 
that lead may have a more important influence on the dist-
ribution of the Lode assemblage than zinc~ 
This is further borne out by comparison of Transects 
4 nnd 6, (Figs . 16 , 18) . On Transect 4, where the lead 
content in the soils over the footwall attains a level of 
6000 ppm , the assemblage of Eriachne mucronata, Polycarpaea 
glabra and Bulbostylis barbata is about 140 ft . in width . 
On Transect 6, however, the lead concentration in the soils 
does not exceed 800 ppm , and the assemblage is only 20 ft . 
wide . The decrease in zinc between the two localities is 
much smaller , falling from a maximum of 20,000 ppm on 
Transect 4 to 15 , 000 ppm on Transect 6 . 
Transect 4 also shows that the "cut-out " between the 
background vegetation and the Lode assemblage occurs at the 
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point where the soil lead content begins to increase 
rapidly towards the peak of the anc~aly on the footwallo 
While the level of zinc also rises in the soils occupied 
by the assemblage, the increase across the boundary between 
the two vegetation types is ~uch less striking . This 
again indicates that lead may play a more important role 
in governing the extent of the Lode assemblage than zinc . 
It is interesting to note that Polycar£aea glabra attains 
a higher percentage cover on the Lode and footwal l in 
Transect 4 than in the remainder of the transects across 
the Lode . This may also be related to the fact that the 
soils at this locality are considerably richer in lead 
than elsewhere along the Lode outcrop . 
It appears that copper may also have a marked effect 
on the distribution of the species of the Lode assemblage , 
however. Comparison of Transects 8 and 10, (Figs, 20, 22), 
shows that, while the level of lead and zinc over the Lode 
zone is of the same order at both localities, only on 
Transect 10 do the soils contain an appreciable amount of 
copper . The soil content of this metal attains a maximum 
of about 2000 ppm on the malachite-stained shales west of 
the Lode, while on Transect 8 it does not exceed 100 ppm 
throughout the transect . While Tephrosia sp~ nov. has a 
similar distribution and abundance over the mineralised 
zone on both transects, only at the site of Transect 10 
do Eriachne mucronata and BUlbostylis barbata replace the 
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background vegetation of Triodia pungens and Cleome 
viscosa. 
The influence of copper on the distribution of the 
Lode ~ssemblage is further evidenced by comparing Transects 
2 and 3, (Figs. 14, 15). In the former , Bulbostylis bar-
bata, Polycarpaea glabra and Eriachne mucronata have an 
irregular distribution on the hangingwall shales, occur-
ring with Triodia pungens and Cleome viscosa . Disseminated 
copper mineralisation occurs in the hangingwall at this 
locality, and consequently the copper anomaly in the over-
lying soils is wide and irregular . On Transect 3 the 
hangingwall shales again contain copper , but in this case 
the mineralisation is more localised . At this site, ~ 
barbata, P . glabra and E. mucronata form a much more 
distinct a~semblage than further south, co-incident with 
the narrower, better-defined copper anomaly and having 
clear-cut boundaries with the background vegetation on 
either side . 
The results of Transect 3, (Fig. 15) , also indicate 
that the Lode assemblage reaches its maximum development 
to the west of the zinc anomaly, which occurs on the foot-
wail near the boundary with the background vegetation. 
This may suggest that excessive amounts of this metal have 
little effect on the distribution of the Lode assemblage . 
Examination of Transect 5, (Fig e 17), however, indicates 
that the Lode assemblage on the footwall of the Main Lode 
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is co-incident with the peak of the zinc anomaly in the 
soils, but slightly to the east of that for lead. The lat-
ter anomaly is marked only by the absence of Cleome viscosa 
from the background vegetation, which here extends east-
wards across the Lo~ e. 
This transect also illustrates the occurrence of 
Eriachne mucronata on the West Lode, which outcrops at 
225 W. At this locality the grass forms a distinct com-
munity, slightly east of the peak of the zinc anomaly, 
which here, however, co-incides with that for lead. 
It is apparent, therefore, that high soil concentrat-
ions of copper, lead or zinc have a marked influence on 
the extent of the Lode asse~)lage. Examination of the 
transect data, however, indicates that the background 
vegetation can withstand considerably higher levels of 
zinc in the rooting medium than either copper or lead. 
The results of plant analyses, (Section D), also show that 
plants can absorb considerably greater quantities of zinc 
than the other two metals. Of the three elements, there-
fore, zinc seems to have the least effect on the distribut-
ion of the species of the Lode assemblage. 
There is little evidence that individual species show 
a direct affinity with, for example, copper mineralisation 
and not for lead-zinc. Fimbristylis sp., however, is most 
abundant at the southern end of the mineralised zone, 
where the soils are rich in copper but low in lead and 
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zinc, (Figs. 5, 12). It may be that this species shows 
an affinity with areas where the soils are rich in copper~ 
but it was not observed in the vicinity of other areas of 
copper mineralisation. Moreover , the plant also occurs, 
though to a limited extent , on the Lode footwall just to 
the north of Silvermine Creek, where the soils are high in 
lead and zinc but relatively low in copper. 
Certain members of the Lode assemblage, however, seem 
to be able to withstand higher concentrations of ore-metal 
in the soil than others. At the present day, Tephrosia sp. 
novo is largely confined, in the immediate vicinity of the 
Lode, to the northern end where the soils are relatively 
low in lead and zinc compare~ with further south . Although 
dead stalks and branches were found on the hangingwall 
shales south from Acacia Creek, none was observed on the 
footwall where the level of lead and zinc generally attains 
its maximum . Thus, while Eriachne mucronata, Polycarpaea 
glabra and Bulbostylis barbata, and to a limited degree~ 
Fimbristylis sp., can all survive on soils exceedingly 
rich in lead and zinc, Tephrosia sp ~ novo seems unable to 
do so. Moreover, evidence from the Turkey Creek Area 
indicates that the plant also avoids these areas where the 
soils contain very high concentrations of copper. 
Although Eriachne mucronata, Polycarpaea glabra and 
Bulbostylis barbata all occur in localities where the soils 
are low in copper, lead and zinc, these species are con-
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fined to a narrower range of ore-metal content in the 
vicinity of the mineralised zones than Tephrosia sp . nov o 
In the case of Eriachne mucronata, this is illustrated by 
Transect 6 , (Fig . 18), where this species is restricted 
to the lead- and zinc-rich soils of the footwall, while 
Tephrosia sp. nov o is widespread over the barren hanging-
wall shales . Likewise, examination of the distribution of 
Bulbostylis barbata within the Lode assemblage north of 
Acacia Creek, (Fig . 13), indicates that it is largely con-
fined to a narrow zone on either side of the Lode, while 
Tephrosia sp. nov o covers a much more extensive area on 
the bordering shales . Similarly, comparison of the dist-
ribution of Polycarpaea glatra and Tephrosia sp . nov o with 
the level of copper, lead and zinc in the soils over the 
mineralised zone , (Figs . 5, 12, 13), shows that the former 
species is restricted to a much narrower range of ore-
metal content than Tephrosia sp. novo 
High concentrat ions of ore-metal in the soil appear to 
have a marked effect on the distribution of the tree 
• species as well as those of the lower strata . As previous-
ly mentioned, the greater part of the Lode outcrop is 
devoid of tree cover, (Fig . 3B,:and Frontispiece ). Comp-
arison of Transects 4 and 8, (Figs . 16, 20), suggests:~G 
that the absence of trees appears to be related to the 
higher concentrations of lead and zinc in the soils over 
the mineralised zone . In the la~r transect the level of 
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these metals in the soils overlying the Lode and host 
shales is relatively low, and there is no break in the 
tree cover . In Transect 4, however 1 the soils on the Lode 
and footwall horizons are extremely rich In lead and zinc, 
and these zones are devoid of trees . 
Although trees are entirely absent from those areas 
where the soils show a very high degree of enrichment in 
lead and zinc, ( and also copper; see Transect 3, Fig. 15), 
therefore, examination of the transect data indicates that 
Eucalyptus terminalis can apparently tolerate higher soil 
concentrations of these metals than other species. This 
is illustrated by Transect 7, (Fig. 19), where the wide-
spread species E. argillaceA and E. brevifolia tend to go 
out over the mineralised zone but E. terminalis is not 
similarly affected. A similar variation in the tree cover 
is also evident in Transect 9, (Fig. 21) , where, moreover, 
the soils over the sub-outcropping Lode are relatively 
poor in lead and zinc, and the Lode assemblage , apart from 
Bulbostylis barbata, is absent . Thus, at this locality, 
the presence of mineralisation has aIAparently_.i·rifl1uenced. 
the distribution of the tree species, while the herbaceous 
plants are but little affected . 
(c) . Conclusions 
(i). A distinct assemblage comprising the species 
Tephrosia sp . novo (Dugald R. MMCjDMJP No. 5), Polycarpaea 
glabra, Eriachne mucronata, Bulbostylis barbata and Fimbri-
- 149 -
stylis sp . (Dugald R. N~C/DMJP No . 279) replaces the more 
widespread herbaceous vegetation over outcropping lead- zinc 
ore deposits within the Dugald River Lode Area . A similar 
assemblage also occurs over zones of outcropping copper 
mineralisation , but only where this mineralisation is found 
in siliceous or argillaceous rocks. 
(ii.) . Trees are generally absent over occurrences of 
copper or lead-zinc ore . Thus , over the greater part of 
its outcrop length , the Dugald River Lode and host rocks 
are devoid of tree cover . With the exception of Eucalyptus 
terminalis, which can withstand higher concentrations of 
ore-metal in the soil than other tree species , none show 
a direct affinity with the mineralised zones . 
(ii~) . The members of the Lode assemblage have a scat-
tered distribution in areas remote from the mineralised 
zones in the Lode Area . Some of these occurrences mark 
the site of pockets of low grade copper or zinc mineralis-
ation , or of zones of metal enrichment in the near-surface 
soils, while others are apparently . unrelated to minerali-
sation . 
(iv) . Apart from Tephrosia sp . nov . , (see below), fac-
tors of relief and drainage seem to have little influence 
on the distribution of the species of the Lode assemblage . 
Thus the assemblage on the hangingwall shales at the 
south end of the Lode nutcrop , where they form a pronounced 
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ridge, differs little from that occupying the mineralised 
zone at lower elevations further to the north. 
Cv). The present-day distribution of Tephrosia sp. 
nov. is largely confined, in the immediate vicinity of the 
Lode, to those areas of low elevation and, presumably, 
more favourable water supply. Thus, factors of relief and 
drainage appear to exert a considerable influence on the 
distribution of this species. However, as evidenced by 
the occurrence of dead stalks and branches on those areas 
where the Lode shales form a pronounced ridge, this species 
was formerly much more widespread, both in regions of high 
~d low elevation, along the outcrop of the shale horizon. 
The reason for its death on the upland regions may lie in 
the drought conditions which prevailed in the area during 
the years prior to the present study. 
(vt). The residual soils occupied by the Lode assemblage 
differ little in texture, depth or pH from those on the 
neighbouring shales, OCcupied by the background vegetation. 
Thus. the extent of the Lode assemblage does not appear to 
be controlled by these factors. Where, however, the zone 
of lead-zinc mineralisation is masked by alluvial material, 
there may be a change in the specific make-up of the Lode 
assemblage, or it may largely die out altogether. In the 
latter case, however, the course of the sub-outcropping 
Lode may still be followed by the sporadic occurrence of 
the species of the Lode assemblage within the background 
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vegetation which replaces it. 
(vi~'). Apart.from the ore-metals, only phosphorus shows 
a significant variation between the soils over the zone 
of lead-zinc mineralisation , occupied by the Lode assemb~ .. 
lage, and those on the neighbouring, un-mineralised shales. 
Even in the case of this element, however, the maximum 
value in the samples from the Lode zone is only twice 
that from un-mineralised areas supporting the normal back-
ground vegetation. While the higher phosphorus content, 
possibly related to the occurrence of primary metallo-
phosphate minerals in the Lode, may have some bearing on 
the distribution of the Lode assemblage, the abrupt change 
in the vegetation over the mineralised rocks suggests that 
other factors may be more important. 
(vii£). While factors of relief, drainage, soil type, 
pH and the major and trace element content in the soil 
may have some influence on the distribution and extent of 
the Lode assemblage , the investigations show that it is 
the presence of mineralisation, and the consequent 
anomalouS concentrations of ore-metal in the overlying 
soils, which are the dominant factors. Thus, in those 
regions where the Lode lies below the present-day ground 
surface, and the level of lead and zinc in the overlying 
soil consequently lowered, the Lode assemblage gives way 
to the background vegetation. On the other hand, the 
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.:3.8se:,:blage of Eriachne I!luc!:.9.Q§.ta , Polycarpaea glab~.<?: and 
.I3.ltJbostY.l::.~_barl?at.9. e.·(,· :~8.L1S its maximum width where the 
g~ade of ore jn t~e lo{e ~s highest and the metal ano~-
:"<i.ics in the ove::clyjng soil more pronounced and extensiv8. 
( i~ ). The tra1=ect deta indicate that, of the three 
Cl.CC .metals i coppe:2 an~ lead exert a stronger influence 
t:'::.:.iJ. ~inc on the dj.stribu!:;ion of the Lode assemb l ageo 
'Il:'L1~ ti1.3 :nemoerz of the bac:l::ground vegetation CEl:'J. wi th-
stand considerably bj.gher soil z::'nc concentrations th311 
0ither lead or copper. 
~()Q) '. Certain members of the Lode assemb lage c an 
appa~ently withstand higher concentrations of copper, l ead 
and ;;:;t::..1.C in the soils thFtn others. Eriachne mucronata. 
------- , 
.?olycarpae§_?1-.?-bra, E~lbost:v.)'_ts barbat8: and, to a more 
Jimited extent , E..::i.n:.9.J.:'~.st.yli.~ sp. c an all survive on soj.ls 
extremely rich in these metals . Tephro~ia sp . nov " on 
~h8 Clther hand, R8ems unable to do so. At the present 
day, thj.s species i s largely confined to the northern end 
of the Lode outcrop, whe2."'e the soils are relatively low 
in copper, l ead and zi~c, Even in the past, however, 
this species seems to have avoided the areas of maximum 
soi l metal enrichment , since no dead stalks or branches 
were found over those zones, 
(Xi), On the other hands vvithin the immediate vicinity 
.)~ -Cbe Lode: T.eI?h~osiA. sp, nov . is found over a wider 
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range of copper, lead and zinc concentrations in the soil 
than the other members of the Lode assemblage, which are 
generally restricted to those areas where the soils show 
maximum enrichment in these metals. 
(x~i:). Apart from Fimbristylis sp., which appears to 
show a certain affinity with the zones of copper minerali-
sation in the hangingwall of the Lode, none of the assemb-
lage species are associated with a certain type of 
mineralisation, but rather with mineralised areas in 
general. Where the mineralisation occurs in calcareous 
host rocks, however, and the overlying soils consequently 
basic, the species normally associated with mineralisation 
are generally absent . 
(3). The Turkey Creek Area 
(a). Introduction 
The major features of the Turkey Creek Area were 
described in the previous section, and only a brief sum-
mary will be given here . The area lies some 6~ miles 
north of the Dugald River Lode, (Fig. 2), and contains 
several linear belts of malachite-stained micaceous shales. 
These outcrop over a width of some 200 ft. and length of 
over 1000 ft. in the western part of the area . They are 
marked by a distinct assemblage of Tephrosia sp. nov., 
Palycarpaea glabra, Eriachne mucronata and, to a lesser 
extent, Bulbostylis barbata, (Fig. lOB). 
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The micaceous shales occur within an extensive zone 
of micaceous and calcareous calc-silicate rocks. The 
latter type weathers more easily than the micaceous 
variety, and thus is generally found on lower ground~ 
Massive quartzite, apparently associated with a shear 
zone, forms high country in the north-east . Similar mate-
rial outcrops in low ridges throughout the remainder of 
the region . 
The area is traversed by a number of deeply-incised 
creeks, generally of a small size, which flow north and 
west to join Cabbage Tree Creek . Erosion is relatively 
severe, and soils are shallow and gravelly over the greater 
part of the area . In the south-west, however, Arid Red 
Earth soils have developed on sheet wash alluvium derived 
from higher ground to the south . 
(b) . The distribution of the species associated with 
mineralisation 
With the exception of Fimbristylis sp ., all the species 
associated with the lead-zinc deposit in the Lode Area 
. , . 
occur at Turkey Creek . Polycarpaea glabra , and Eriachne 
mucronata form a well-defined assemblage over the zones of ,. 
maximum copper staining, (Fig. lOB) . Bulbostylis barbata , 
though less abundant , is Common in these areas also , but 
in addition is found sparingly on un-mineralised rocks in 
the south-central part of the region . Slightly to the 
north and west of this locality, Eriachne mucronata ~~~~~==~~~~, 
I i 
- 155 -
with Tephrosia sp. nov., ,is associated with an isolated 
zone of malachite-staining. 
The distribution of this latter species is particul-
arly interesting. As indicated in Plate 18, the plant is 
absent over the zones of high copper enrichment, (occupied 
by Polycarpaea glabra), but occurs as a bordering zone on 
the more weakly-mineralised shales on either side. This 
possibly suggests that Tephrosia sp. nov., while tolerant 
of copper in the rooting medium, cannot withstand excessive 
amounts. It will be ,recalled that the species showed a 
similar avoidance of areas with very high soil lead and 
zinc contents in the vicinity of the Lode. 
The shrub is also common, though only as dead stalks 
and branches, to the east of the main zones of malachite-
stained rocks. Here it occurs on micaceous calc-silicates 
and quartzite. Where the calc-silicates are of the calc-
areous variety, however, as along the larger creek drain-
ing the eastern half of the area, then the species is rare 
or absent entirely. This bears out the observation made 
in the discussion of the Lode Area, that this species 
tends to avoid basic soils. It is of interest to note 
that the distribution of Tephrosia sp. novo in the eastern 
part of the Turkey Creek Area shows a fairly close correl-
ation with that of Eucalyptus brevifolia. As described 
in Section B, this species is also rare on basic soils. 
\' 
Plate 20 .i:olyc9;rpaea glabra on copper-
bearing' shales ut the Bedforu ine 
Plate 21 j:.,,J;·i.achn e Illlcn;.wsta. on copper-
bearing schists south-east of 
rurkey Creek 
",/ ; h . _, 
Plate 20 Jolycarpaea olabra on copp r-
besrin6 shales a.t the .Bedford ine 
PlAte 21. !'.riachne (JJle roosts on copp r-
bearin 6chists south-east of 
rurkey Creek 
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(c). Factors influencing the distribution of the specie~ 
A more detailed picture of the variations in the 
vegetative cover over the mineralised zones in thc Turkey 
Creek Area is provided by Transect 13, (Fig. 23), which 
crosses several belts of malachite-staining and gossan ~~ 
the north-west corner. 
It is evident that the occurrences of Polycarpaea 
glabra and Eriachne mucronata show a striking correlQtion 
with the copper-rich rocks. On the other hand, Cl~Q~~ 
viscosa and Triodia pungens, the dominant members of the 
background vegetation in this region, show a corresponding 
decrease or absence over these zones. Tephrosia sp. novo 
is abundant, both as living and dead material, on the 
shale horizon. The histograms confirm, however, that this 
species is absent over the zones of maximum copper en-
richment, which are occupied by Polycarpaea glabra and 
Eriachne mucronata. 
The belts of malachite-stained shales do not give rise 
to any marked topographic feature, and hence the influence 
of relief on the distribution of plants in this zone can 
be discounted. Although soils have not been indicated on 
the diagram, these show little variation in texture or 
depth throughout the area underlain by shales. Generally 
they consist of a shallow depth of loose gravelly material" 
The lack of variation between the soil of the mineralised 
and un-mineralised shales indicates that soil drainage 
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has no strong bearing on the occurrence of the assemblr~e 
species. 
Although the pH of the soil has an apparent influcnc ~ 
on the distribution of ~~prosia sp_ nov., (thus it i s 
absent over the calcareous calc-silicates bordering the 
shale horizon), there is little variation in the soil ~B 
throughout the latter unitft Two soil samples fron the 
zone of malachite-staining gave pH values of 5.7 and 5 . 0 i 
(Table 4). These are slightly lower than the range fou~d 
in soils from un-mineralised shales, (pH 6.0 to 6~4)? but 
it seems improbable that such a small variation can have 
led to the marked change in the vegetative covero 
Table 4 indicates, however, that the phosphorus values 
in the samples from the zones of copper mineralisation 
are comparatively high. A similar enrichment was apparent I 
in the soils overlying lead-zinc mineralisation. It is 
possible that the source of the phosphorus in these areas 
lies in primary metallo-phosphate minerals, such as, in 
the case of copper, libethenite, (4 eu P205 H20). The 
high concentrations of this element may have a bearing on 
the distribution of the species associated with mineralis-
ation. In the Lode Area, however, relatively large phos-
phorus values also occur in soils derived from the shales 
bordering the Lode, where the assemblage species are absent 
This suggests that the element is not the controlling fac-
tor in plant distribution over the mineralised zones~ 
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Since the relief, drainage and soils differ little 
between the belts of malachite-staining and the un-
mineralised rocks on either side, it would seem that the 
reason for the marked variation in the vegetation lies 
in the anomalous concentrations of copper in the subs-
trat e., As indicated in Fig. 23, the distribution of 
Polycarpaea glabE~ and Eriachne mucronata shows a very 
close correlation with the peaks of the aurve for copper 
in the near-surface soils. Hence, as in the Lode Area, 
these species occur over the zones of maximum metal enrich-
ment. On the other hand, Tephrosia sp. novo avoids 
these areas , but occurs over soils showing a comparat-
ively wide range of copper contents. Again this agrees 
with the observation concerning the distribution of this 
species in the vicinity of lead-zinc mineralisation. 
It is apparent that the assemblage species, particul-
arly Polycarpaea glabra and Eriachne mucronata, are cap-
able of withstanding very high concentrations of copper 
in the rooting medium. Correspondingly, the more wide-
spread species tend to avoid the areas of maximum metal 
enrichment . This suggests that the reason for the growth 
of the assemblage species over the zones of malachite-
staining lies in a better ability to survive under these 
conditions than other plants. This point will be further 
discussed in the following section. 
While the change in the vegetative cover is most 
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striking in the herbaceous and shrub strata, the transect 
data also indicate that there is a variation in the tree 
canopy . The shale horizon containing the mineralised 
zones is occupied by a sparse growth of Eucalyptus termin-
.~~is, replacing ].~ __ 0rgillacea which dominates the tree 
stratum on the neighbouring un·-mineralised rocks . It 
appears that the former can withstand higher concentrations 
of copper in the rooting medium thrul E. argillacea, a 
suggestion which ties in with their distribution in the 
vicinity of lead-zinc mineralisation . 
Although living specimens of Tephrosia sp . nov o are 
confined to the environs of the malachite-stained shales 
in the Turkey Creek Area, the abundant dead stalks on the 
apparently un-mineralised calc-silicates and quartzites 
to the east testifies to a former more widespread dist-
ribution. No surface indication of mineralisation was 
evident in these rocks, while reference to Transect 12, 
(Fig. 11), shows that the overlying soils are low in the 
ore-metals 0 It appears, therefore, that the occurrence 
of the shrub is here unrelated to mineralisation . 
The reason for the death of this speeies in the 
eastern half of the area but its survival in the vicinity 
of the malachite-stained shqles is unclear . It will be 
recalled that the present--day distribution of living 
specimens of Tephrosia sp. novo along the lead-zinc Lode 
was largely confined to regions of lower elevation , althoug 
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abundant dead material was found on the higher ground. 
It was suggested th2.t the death of the shrub j.n the l atter 
areas was due to a lo'::eri:::' g of the water-table, associated 
wi th the drought condi t:i.ons which prevailed in the region 
during the years prio~ ~o the p~ese~t study~. Variations 
in relief in the Turkey CrGek Area are less pronounced, 
however, so that th~s is u~likely to be the reason for the 
survival of the shrub in the L.: neralised sectors bou t not 
elsewhere_ It must be stat ed that the precise cause of 
this anomalous distribution of Tephrosia spo novo is not 
known. 
(d). Conclusions 
(i) . The species Po1.ycarpaea glabra, Eriachne mucronata, 
Tephrosia sp~ nov., and to n lesser extent , Bulbostylis 
barbata, are associated with zones of outcropping malachite-
stained shales in the Turkey Creek Area. In these areas 
the plants form a distinctive assemblage , replacing the 
\ 
I 
I 
more widespread members of the herba~eous and shrub strata. . 
(ii) • Although living specimens of Tephrosia sp . nov~ 
are confined to the mineralised zones , dead stalks and 
branches also occur over a wide zone of calc-silicates 
and quartzite to the east. The reason for its survival 
in the former areas but not in the latter is unclenr. The 
soils derived from the calc-silicates are low in tho ore-
metals, and hence the shrub is here apparently not 
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associated with mineralisation. Both in this area and in 
the vicinity of the IDslachite- stained shales, however, 
the species is largely ab8cnt over calcareous rocks. It 
would appear, therefore., tho.t it is intolerant of basic 
soils. 
(iii). The belts of copper-stained rocks do not give rise 
to any marked topogrnphic f2ature. Likewise, the soil 
depth, texture and pH is relatively uniform throughout 
the shale horizon which contains the mineralisation. Thus 
factors of relief ~ draj.nage and soil pH appear to have 
little influence on plant distribution in this area . 
High phosphorus contents, possibly derived from metallo-
phosphate minerals associated with the copper mineralis-
ation, in the soils overlying the mineralised zones may 
have a bearing on the marxed variation in the vegetative 
cover. It is more probable, however, that the large con-
centrations of copper in the rooting medium is the prime 
factor~ 
(i v) • The displacement of the background vegetation by 
the assemblage species in the vicinity of the miner~lised 
zones is probably due to the latter group being better 
adapted to withstand the high soil copper contents. Of 
the assemblage species, Polycarpaea glabra, Eriachne 
~onat~ and Bulbostylis barbata can apparently survive 
on soils containing larger quantities of copper than 
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Tephrosia sp. novo 
(v) ~ Apart from a sparse growth of Eucalyptus terminalis, 
the mineralised zones and immediate surroundings are 
devoid of trees. It appears that this species can with-
stand higher concentrations of copper in the soil than, 
for example, E. ~rgillaceq which is widespread elsewhere 
in the region. 
(4). Isolated occurrences of the species associated with 
mineralisation 
(a). Introduction 
The investigations in the Lode and Turkey Creek Areas 
li 
) ' 
indicated that distinctive plant assemblages were associate~ 
with both lead-zinc and copper mineralisation in the region. 
:1 
The assemblages comprise the species Tephrosia sp. nov., I 
Polycarpaea glabra, Eriachne mucronata, Bulbostylis barbata 
and Fimbristylis sp. Bulbostylis barbata was only observed , 
in the areas studied in detail, i.e. the Lode and Turkey 
Creek Areas and the Area north-east of the Quartzite Range, 
and its distribution has been discussed in the relevant 
sections. Similarly, Fimbristylis sp_ was not found out-
with the Lode Area. 
Mapping throughout the entire Dugald River Area rev-· 
ealed numerous isolated occurrences of the remaining 
species normally associated with mineralisation, (Fig. 24). 
In the majority of cases the plants marked the site of 
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small copper showings. In other localities, however, no 
obvious indications of mineralisation were present. 
Several geochemical traverses were made across the latter 
type of occurrenc~,with a view to determining whether the 
plants were associatec with anomalous concentrations of 
ore-metal in the underlying soil. If this were the case, 
then the presence of the plants in areas remote from 
mineralisation might be a guide to unsuspected mineral-
isation at depth. Several samples of the species from 
these localities were also collected for biogeochemical 
analysis, (Section D) . 
(b). The factors influencing the distribution of the species, 
~ 
The distribution of the assemblage species in the Lode 
Area indicated that the plants avoided those areas where 
the soils were strongly basic. Thus, few, if any, of the 
plants normally associated with mineralisation were present 
where mineralisation occurred in calcareous rocks, e.g . 
the small copper showings in the limy calc-silicates west 
of the Lode. 
This observation was confirmed by the regional mapping. 
This indicated that, whether the neighbouring rocks were 
mineralised or not, the species were almost invariably 
restricted to soils derived from quartzite, shales, the 
siliceous variety of calc-silicate, quartzite colluvium 
or Arid Red Earth Soils. 
Although Tephrosia sp. novo attains its greatest 
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abundance along the outcrop of the lead-zinc Lode and in 
the vicinity of the Turkey Creek copper showing, it is 
also relatively frequent in areas apparently devoid of 
mineralisation . The latter occurrences, however, are 
generally of a small size, and in many cases the shrub is 
only represented by dead stalks and branches, e.g. in the 
vicinity of the small copper showing on the west side of 
the Quartzite Range, (Fig. 24). Presumably the drought 
conditions during the years prior to the present study is 
the cause of the widespread dying-off of this species, 
(p. 38). 
Southwards from Turkey Creek, the shrub occurrences 
4 
I 
follow a roughly parallel alignment, extending over a 
distance of some 40,000 ft. to the Two Sports copper show-
ing east of the Lode. The presence of copper in the 
southern part of this zone is confirmed by soil and stream , 
sediment analysis, and by malachite staining in some of 
the calc-silicate outcrops, (Nicolls, 1964) . Some of the 
northern occurrences, in addition to that at Turkey Creek, 
are also associated with small pockets of malachite-
stained shales . 
In others, however, no indications of mineralisation 
were observed . One of these, at 8600N/6000E, (Fig. 24), 
was made the site of a geochemical traverse. The results, 
(Fig. 25), show that the residual soils occupied by 
Tephrosia sp. novo contain slightly anomalous concentr-
... 
c:: 
tJ 
.... 
100-
so-
, 
20-
~ T(lpnrositJ Sp. nov. ... 
Cu 
._- . 
..... "", I \ 
........ \ \ 
..... \ / \ 
......... ,/ ~' 
.................. _ ._': ....... """./~ .Zn ._:~ 
..... , 
.~- ..... 
..... , 
c:: ., •••• ••.•• .••• " .... PI> 
o • . . . .. . . . . . . .. .. . . '" •. , .. ..• ' ..... • ..... • ...... • .... . ... .... . , ... 4 
U 
Micaceous calc-silicotes / Scopolite I C3fonuJiu. 
Total melol content of soil at 0-6 
inches on traverse at a 600'16000 E. 
FIGI 25 
i 
I 
l 
i 
i 
11 
il 
- 165 -
ations of copper . This may be related to copper mineral-
isa~ion in the underlying calc- silicates , though it should 
be noted that the maximum value is barely above the thres-
hold value of 60 ppm fer soils , (Table 5) . ~evertheless, 
the close correlation between the extent of the C""hruo '1!ld 
the metal anomaly is very striking . 
A similar north- south alignment is evident in the 
distribution of the shrubs to the north of the Lode. A 
small stand was noted at 9000N/400W, on quartzitic colluv-
ium derived from the near- by Quartzite Range . Analysis 
of the near-surface soils at this locality gave 10':1 res-
ults for copper , but in this case the zinc values define 
a minor anoma:.y , coincident \Vi th the extent of the 
Tephrosia sp . nov o shrubs , (Fig . 26) . 
In spite of the low order of the anomaly, it is pos-
sible that this occurrence may indicate a zone of zinc 
mi neralisation in the underlying rocks . Firstly, although 
the shales enclosing the lend- zinc Lode lense out abou"t 
3000 ft . to the south , (Fi g . 24 ), the shrub occurrence 
l ies at approxi mn.t:p1:r t:hp c .... · ''8 ~ 1;l'i:1. ~igl'aphic thickness 
above the limestone .l:rurizon to the east . li(~ l Jf'l: th~ zinc 
anorr.~ly mElY 1n) related to a lateral extenaion of t.11~ lcad-
Zlnc mJn ~nlinnt.ton . Secondly~ assuming zinc were present 
in the bedrock at this locality , its dispersion into the 
n ear- surface soils would probabl y be largely inhibited by 
t he ov·rlying quarbz te ebri u . Thi~ mAtpriRl is dcrived 
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from the barren Quartzite Range , where zinc miner2'.lis[\t~,()n 
is unknown. These facts lend an added significance :0 :': ~ 
zinc anomaly in the so~ls at this site , and tend to su~-
Gest that the source of the Metal lies in the bedroc~. 
Dc"" per ;,['u'1plin8, ~cw0ve::,; would 'be r8quircd to cor;.firI'l 
this . 
Further north the shrab "i'as aga.in noted, thouGh in 
1 d d t . , .... h . ~.J-l (' .j.. t~is case qS ea ma erla.~, near ~ e mnrR~n 01 ~le ~upr~z· 
i te Range . 'rhe soile at this loco.li ty , howcver, arc very 
low in all three metals , wj, th no increa~e in the .:rqph!'~"'~.~ 
Gp . nOV A zone , (l'ig. 27) . 
!orth- eastwards from this occurrence, the shrubs \1.:re 
found on a lo\'/ interfluve vcnec~ccd hy fine - textured <"'heet 
wash alluvium , They here; form 0. relatively large stand, 
measuring roughly 200 bv 400 ft . of living specimenp . 
The occurrence io not fl.Dooci, ted with .. my obvious copper 
minernlir- \tion as indicat:cd hy dirrgj.ngs , ete . : though 
dot-ils of the geole y are ob"lcur d 1";/ the alluvia.l l ' tc-
ria1 4 A geochemical tr'verse taken crOl) the <l~ca . 
(Fi . 28) ",ho ':C' -h t -he Oh1\ b zone is cO-incid nt with 
a co per .omaly in ~h n -mu f ce soi.I ... !t'. nor p e.ks 
occur i 11 cr' or zinc but th0. v luC"s do not "xce d 
the anomaly th os1101 . from !1oj.l pl'ofil near 
C Qt, tor I . ".I'l1\tl rh ' OIU 125 to 225 lhe .. to; , .... Hl'l n t'f nr 
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strongest evidence thnt thc distribution of Tephrosia 
8:;:> . nov . , in region:;, ',i •• e1'c, r:o obvious indication of 
:nincralisation e:;::iG tf, .nay he related to unsuspected ore-
dcpor;i ts at deu-:h. i:L;'"'.in, ho'::eycr , further investigat-
j e:1 ~; includj.l1':-; r,ecc'l .... ~C' '~l S[',:llpling to the bedrock , is 
::c.ou::.reC: b~~o:'(' de::~ n:'. "';C concluoions may be drawn . 
rn"" ""~ ..... c",V>~ .... 1 1,:,,>V'1, "0' '· .... ,..,.,..,n .... ,.,.., rrlabra 
... J..1. .. ... J 4.. . .L_ .. l. ..... ~ ....... .. \,,; •• ...J') :... " ... ,.,'.\ "O-."~'.J::'-~O. f, , shows a closer 
as~ociation v:i th :!:egions 0 C OU tcropping lead- zinc and 
copper mineralioation thG.n Tcphrosia sp . nov o However , 
as noted previously , this opccies , with Bulbostylis barb-
ata. , was found along several of the creeks draining the 
barren Quartzite Range in the Lode Area . A similar occurr-
ence was noted at l5,60OI /1200W , (Fig . 24) , near the 
cactcrn m~rgin of the Quo.rtzitc RCUlgC . At this locality 
the plant was growing o.long the bed of El creek and over 
outcropping quart~d te on the bnnko . No vidcnce of 
mincralina ion was observed in the neighbouring rocks 
while analyse"" of the streum "'edimento and soils in which 
the plant wa.s rooted indicated low values for copper , lead 
and zinc, (ma.xim of)8 , 10 , and 35 PPll1 :rospectively) . 
Apart from these occurr,.nct:! .) , tip distribution of the 
opec:i.c"" 0 1 'with the mr .. in contreD of mine 'ali"'ation is 
conlined 0 isolat d copper ohowinr~ . It \'I,:) noted on the 
lc-silicat,c '" t h L d.' r C ,are Mine 
in -ch Gouth, an on. • rnil r 1: ocke at l;i t tlc I!!va. l.n the 
north, outh.n 'ast o' Turkey Crook the her 
1ll t . ere 

in t • r '1 er r 
occurs on several bards of malachite- stained ~iotite 
s chists , as at the Bedford Mine , (Plate 20) . 
The light - co':C'l~rcc. G:'~"".:::;;-;, F:z.iachne mucronata , lends 
a distinctive appearence to the vegetation over the 
Dugald River Lode . It ~lso occurs , though to a lesser 
extent , on the malachite-stained shales of Turkey Creek , 
but forms a broad zone over similar rocks some 8000 ft . 
to the south-east , (Plate 21). 
The species is also fGirly common in areas where no 
obvious indication of mineralisation exists , but in these 
areas its distribution is generally sparse and it rarely 
forms distinctive communities as over the ore- deposits . 
A small patch of the grass was observed on quartzite 
colluvium near the eastern margin of the Quartzite Range 
at 13 , 500N/IOOE . Geochemical analysis of the near- surface 
soils indicates that zinc shows a small increase in the 
zone occupied by the grass , but the maximum value is below 
the anomaly threshold , (Fig . 29 ). Copper and lead are low 
in the soils underlying the Eriachne mueronata occurrence , 
but the level of the former metal rises sharply at the 
castern end of the traverse . At this point , however , the 
cover of quartzite colluvium had decreased in thickness , 
and the relatively high Goil copper content is presumably 
related to p. minor zone of mineralisation in the underlying 
limestone agglomerate . 
A more xten"'ivc occurI' nee w s found at the foot of 
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the steep scarp formec' by the Mt . Rosebec fault zone at 
18:700N/l2 , 200E . E~rc both CoppGr and zinc are present; 
in Rnoffialous 8.IIloun~~ G i!'.. t::c underlying soil , the former 
attaining a 1e7el of 300 p~m , (Fig. 30) . Although the 
;'11' ;':Clne :':3 well expos\.:d 8.t 1;his 
locality, no na'.i1.c'.·.t: ~-~~",~nn, o:'othcr indic'1tions of 
mj,neralisation r:o:. r( cb -,'; "':~c1. L'1(; high coil copper con-
mineralisation is aCf.ocin. tea. vd th the fault lin(; , but at 
Dome depth belo",' the preocn c-day ground curf!1cc . 
monospecific com;lUni ty. The. boundnries with the neigh-
bouring ground vE!geta cion, r.o!uinat nd by Triodia pungcns 
and Cleomc vincosa , were relatively abrupt . Thus where 
the grass forms 3. v/ell-defined uosemblage and purticul-
arly where the nssembl[l[~e is elongnted in the direction of 
the strike of the geology, the proscQt evidence suggests 
that the occurrence of the grass is related to a zone of 
mctal-enrichr:lent in the und-'rlying soi1G. This in its 
turn may be Fl.Gsociat")d with mineralisation nt depth . 
Where the raus is found rl.::J n Gub-dominant in the "no ... '!ll'l " 
round strn turn in ~pp lran tly unminural:'i.scd areas, however 
the probability of it being UQ!3oci teo with me 'aI- enrich-
ment in th0 und rlyin soil or budrock oO\.:ln .... less likely .. 
(c) . Conclu!"ion~ 
(i) . Th' p.tt0ln of distribution indicated by .he specio" 
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asso~iated with mineral:i.rn:ion throughout the Dugald Hive!' 
"',rec-_, confirms the l,b.JC,:,,'v2tj.on mll.de in the Lode Area that 
(ii), All of ~h~ ~pC'(i eG occu~. in regions where no au~-
£~co ~Diicaticn cC , .' I p!'es nt . Geeche:r.ical 
~.~1al~r.:.;,is of the' n. n r .. ~-U!' r· .c p ~HJi Is of se-:er31 of these 
are appu!'elltly ~sGooi~Le1 ~ith niner zones of copper or 
this gencralic-ntion , hO";cvel'! (J.v) . 
(iii) . In addi tion to the occurl'oncc c- in the main aree.~ 
of mincr8.1isation Tel)hro~:;j·'1, Gp . nov . is relatively COIIUion 
in the vicinity of 8:1I.:1J.1 copp.1' shovdngs in the calc- sili-
cate ~n ,hale horizono . It is al~o found thou h to a 
lesser extent in ur t1.0 \"/h re no obvious mLlcralisation i"" 
pres nt . In ticeD define the site of minor 
copper and ",inc o.nor.1'l·e" in th und 1y1n" oil. These 
occurrences 1'0 i1 two m; in zone which' ollow B ro hly 
par 11e1 lignm t. On Ol th~s m y defin'\ a ZOle of 
err tic cop er min :>r .1' .. \tim , extcn in outh 'Ial d'" from 
th T rk , Or k occur' n for io tance 0 oome 
ei h mile Th on i)1 .1 a»", 
cxt n io of le -oW'nc Lo 1 0 thw 'd 1$0 ome 
c t r Jock of op min ion . 
(i .). i b i n .f i. 
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confined to the main mineralised areas and to smaller zones 
of malachite- stained sha~es and calc - silicates . At several 
localities in the Quartzite Range, however, the plant was 
found growing in soils and stre~m sedilncnts containing very 
low amounts of copper, le!lc [md zinc " The neighbouring 
rocks did not show any surf9c8 ~)ldicat~on of mineralisation 
and on this evidence the occurrGnce of the plant is here 
unrelated to metal-enriclunent in the underlying bedrock . 
(v) • The occurrenc es of E!.~i.§.chne mucronata outwith the 
Lode and Turkey Creek Areas, and the smaller copper show-
ings , falls into two main tYP~G . On the one he.nd the grass 
may be found as a sparse member of the vegetation growing 
in acid soils , such as those derived from quartzites and 
siliceous calc- silicates. There seems little doubt that 
in these areas the presence of the grass is not associated 
with metal-enrichment in the neighbouring SOils or bed-
rock . \Vhere the specics forms a distinct community how-
ever, the present evidence suggests that the underlying 
soil contains anomnlouG concentrations of copper and pos-
sibly zinc . Thi. enrichment mny be related to mineral-
i'"'ation at depth but this requiros further inveotigation . 
(5) . 
The in-e"'tig tions in thL D b'ld Rivcr Area. reveal~d 
that the pccic ... Te.E!lF_fL~ sp. nov... (Dug Id R. Mf C/DI tJP 
No . 5) E.;:i chnc mtlcronata! Bulbon-
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tylis barbata and Fimbristylis sp ., (Dugald R. MMC/DMJP 
No . 279) , showed a strong association with regions of lead-
zinc and copper mineralisation . 
Although it was impossible to visit all the knovm 
deposits of these metals in the region , examination of 
several copper occurrences indicated the presence of one 
or several of the above species . It is therefore probable 
that the indicator plants found in the Dugald River Area 
maintain their characteristic affinity with mineralisation 
throughout the Mt . Isa-Cloncurry field . In other parts 
of this region , however, there is always the possibility 
that these species will be replaced by separate indicator 
plsints . 
Of the species mentioned above , Bulbostylis barbata 
and Fimbristylis sp . have a more restricted distribution 
within the Dugald River Area. Moreover, their small 
stature and brownish colour in thc dry season lends them 
a relatively insignificant appearance and detracts from 
their value as indicator species . 
On the other hand, Tephrosia sp _ nov o is easily recog-
nisable from a dista.nce of sovernl hundred feet by virtue 
of its height (Plate 16), and bright green folia e . Even 
in thos are s wh re the shrub h 6 died off, it is still 
distinqui~hablerom other apccie~, such as Acacia chis-
holmi, by its smooth b rk fnd rather slender ranch~s . 
The vo.lu of this opeci s ao an indicator of mineralisation 
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is enhanced by the fact that , in these areas , it generallj" 
forms relatively large stands . By comparison, the other 
species are restricted , in the vicinity of the ore-depc~~ts, 
to a narrower range of soil metal contents . 
Although of a smaller stature , Polycarpaea glabra is 
also visible from a fair distance due to its distinctive 
white inflorescences , (Plate 19). These persist well into 
the dry season and therefore , if anything , the plant is 
more ea.sily recognised at this time of year, when other 
plants tend to die back . Only two occurrences of this 
species were observed in burren regions within the Dug~ld 
River Area , both in , or on the banks of , creeks draining 
the Quartzite Range . Otherwise the plant is almost in-
variably found on zones of outcropping lead-zinc or copper 
mineralisation . It therefore forms a fairly reliable 
indicator of base-metal deposits within the region . 
Erinchne mucronata is more frequent in areas with no 
obvious signs of minero.lisation than Polycarpaea glnbra. 
At these localiticG however, it generA.lly has a rather 
sparse distribution, and rarely fonne i~tinctive com-
munities . This lfltter type of occurronce i., confined to 
zone of outcroppi.n minel'uli:3 tion, or to ar a where the 
soils cant in anom Iou cone ntra'tions 01' copper or zinc. 
This pccies loo hn'" u dL tinctivc . ppnarance. By 
contrf'st with the cl rk gr' n co1ouration of the almost 
ub1qui tou "h 1'011 of Eriachne 
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mucronata is much lighter in tone . Moreover , during the 
dry season the grass withers to a light straw colour , while 
the former species retains its green appearance , (Frontis -
piece) . These factors serve to make the areas occupied by 
this grass clearly distinquishable from relatively far 
away. 
Although both Tephros~a spo nov o and Eriachne mucronata 
are found in areas where mineralisation is not expressed 
at the surface , the majority of these occurrences mark the 
site of minor copper or zinc anomalies in the soils . This 
may be related to mineralisation at depth , though at pres-
ent this has not been proved for the Dugald River occurr-
ences. In any case , by pinpointing the site of these 
anomalies , they may narrow the field of search in mineral 
exploration . 
It is of interest ,that , outwith the areas of outcropping 
mineralisation , the indicator species almost invariably 
occur as individuals. One exception to this general rule 
is the occurrence of Polycarpaea glabra and Bulbostylis 
barbata along several creeks draining the Quartzite Range . 
Apart from this example , however , the species never form 
distinctive assemblages unless mineralisation be present 
in the underlying bedrock~ 
Thus the occurrence of one of the indicator species in 
an area apparently devoid of mineralisation should probably 
not be considered as absolute evidence of me.tal - enrich1:llent 
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in the underlying substrate.. On the other hand, where 
several of t~e plan~s a~c found together, the present 
investigation sugees-';;s t~.at mineralisation is almost cer-
tainly present in the rocks below. Added to this the 
distinctive appeare.!!.ce 0::' the indicator plants compared 
wi th the more widespread species, and it ',vouli seem that 
they may be of considar r tle value in geological exploration 
for copper, lead end ~~nc ~n t~e region. 
The distribution of the indicator plants may be use-
ful, not only in reconhaisse.nce prospecting for base-metals, 
but also in the initial determination of the surface extent 
of mineralisation. Thus, in the Dugald River Lode Area, 
the distribution of the Lode assemblage conforms very 
precisely to the surface expression of both the Main and 
West Lodes, and also defines the malachite-stained shales 
which occur in the hangingwall at several localities . 
Moreover, where the Lode lenses out on the surface, there 
is a consequent decrease or absence of the assemblage 
species. Similarly, at the Turkey Creek copper occurrence, 
the belts of Polycarpaea glabra show a very close correl-
ation with the outcrop of the linear bands of malachite-
stained micaceous shales ~ Tephros.=i:~ sp_ nov. also lends 
the vegetation over the mineralised rocks in this area a 
distinctive appearance, and was the initial cause of their 
discovery _ 
Variations in the tree cover may also be of importance 
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in prospecting in this region. Eucalyptus terminalis is 
o.pparently able to wi t hst2md higher soil-metal concentr2t·-
ions than the other v,r j.de s::,:::'ead trees; hence, a spars e , 
mono-specific groHth 0:: ·~h:i.s species may be an indication 
of w.:"neralisatio:':l, Ecce freC';uently, however, the ore-
deposits are enti~ely devoid of trees or shrubs, (with the 
exc eption of T ephr9_s:,_~ sp, nov.), contrasting sharply with 
J 
thG woodland normally f ou..'!.d on the neighbouring, unminer al-" 
, . 
ised rocks, (Frontispiece) 0 It should be added, however, 
that a sparse tree cover is a common feature of the 10'1'.' 
interfluves occupied by the Arid Red Earth soils and on 
parts of the flood plains . Thus absence of trees or shr ubs 
may only be used as a possible guide to mineralisation in 
areas of residual soils. 
One important reservation should be made, however, 
regarding the indicator plant prospecting method. On the 
evidence available from the Dugald River Area, the indi-
cator plants are confined to acid or neutral soils. Where 
mineralisation occurs in a calcareous environment, as in 
the case of the copper showings in the limy calc-silicate 
rocks, the species only occur sparsely, if at all, in the 
vicinity. Although the vegetation over this type of cop-
per deposit was investigated thoroughly, no species emerged 
as an indicator of copper in calcareous host rocks, Certa irl 
plants, notably Sca~~~la densivestita, were common in 
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these localities , but this snecies was also frequent j.y,. 
other areas of calcareous soil where copper was absente 
Conclusions 
(i ). Examination of several copper deposits in the lilt " 
Isa- Cloncurry mineral f~.c2.d indic2:~ed the p::::'esence of 
several of the specj.es a s sociated with IDi.neralisation L:. 
the Dugald River Area " The distri~JUtion of thes9 spec::"s~;, 
particularly TeJ?...hrosie. sp 0 nov " , P0l.Y.carp§:p.~.Ela~~, and 
Eriachne mucronata, could probably be used as a guide to 
lead- zinc and copper mineralisation throughout the region ~ 
( ii ) • The indicator species have a distinctive appe2.r·· 
ance , and in all cases are reco~1isable from a fair dist-
ance . Tephrosia sp. novo is distinquishable by its bright 
green foliage and Polycarpaea~abra by its white 
inflorescences. Likewise , the light straw colour of 
Eriachne mucronata during the dry season makes a sharp cont-
rast with the darker colour of the leaves of the widespread 
Triodia pungens . 
( iii ). The occurrences of Tephrosia sp~ novo and Eriachne 
mucronata in regions not known to be mineraliseu may mark 
the site of minor copper and zinc anomalies in the under-
lying soil . These may be related to mineral i sation at 
depth , but this point requires further investigation. 
polycarpaea glabra is only rarely found in regions where 
no surface indication of mineralisation eXists, and here 
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is unrelated to anomalous metal contents in the substrate . 
(iv) • Individual occurrences of the species in areas 
remote from known ore-deposits may not be associated with 
mineralisation at depth . Where, however, the indicator 
plants are found growin.g together as distinct assemblages, 
then the present evidence indicates that mineralisation 
will be present in the underlying bedrock. 
(v). The distribution of the indicator plants over the 
lead- zinc and copper deposits in the study-area shows a 
close correlation with the outcrop of the mineralised 
zones. This characteristic could prove useful in the 
initial determination of the surface extent of an ore-body" :,,: 
(vi) • A sparse stand of Eucalyptus terminalis may be a 
guide to the occurrence of mineralisation in the rocks 
below. Apart from this species , most trees avoid the 
mineralised zones. Hence , an area devoid of trees in the 
midst of an otherwise well-wooded region could be an 
indication of an ore-deposit at depth.. This only applies 
to upland areas of residual soils, since areas with a 
sparse tree cover are relatively common on the low-lying 
regions with alluvial soilso 
(vii). On the evidence available in the Dugald River Area, 
the indicator plants are intolerant of basic SOilS,. Thus 
copper mineralisation , when occurring in calcareous host 
rocks such as the limy calc-silicates , is unlikely to be 
indicated by the species. 
P' 
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(6), General conclusions on the distribution of the plant 
speci8JL§..ssoqj..,...at e..sLwi th mi_neralisation 
(i). A distinctive plant assemblage, comprising the 
species Tephrosia sp" novo (Dugald R. lYlMC/DMJP No. 5), 
Kq,:Sy'~arpa§.a g1.~_br?'? J?-rJ .!3-c)}ne mucronata, Bulbostylis barbata 1 
and, more rarely, F-~~~:zis~.Y1.~_s sp., (Dugald R. MMC/DMJP 
Noo 279), is found over outcropping lead-zinc and copper 
mineralisation in the Dugald River Area. 
(ii) • Fimbristylis sp. seems to show a certain affinity 
for copper mineralisation in the Lode Area, but also occurs I 
sparingly over the lead-zinc deposits . With this exception l : 
there is no essential difference in the specific comp(sttio; 
of the assemblage developed over lead-zinc mineralisation 
and that on copper deposits. 
(iii). Polycarpaea glabra, Eriachne mucronata and Bulbos-
tylis barbata can apparently withstand higher concentrat-
ions of ore-metal in the substrate than Tephrosia sp.·, nov. 
Within the mineralised areas, however, this latter species 
occurs over a wider range of soil metal contents than the 
other members of the assemblage . 
(iv) • Factors of relief, drainage, soil texture and soil 
depth appear to have little influence on the distribution 
of the assemblage species in the vicinity of mineralisation. 
The distribution of Tephrosia sp . nov o in the Lode Area at 
the present day, however, is apparently affected by relief 
and drainage. Living specimens of the plant are largely 
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confined to low-lying country and, presumably, better 
water supply. The widespread occurrence of dead stalks 
and branches indicates that the species was once more 
abundant on higher ground, and hence was formerly more 
tolerant of a low water supply. The dying-off of this 
species in the upland areas is probably a result of the 
drought which affected the region in the years prior to 
the present study. 
(v)~ High phosphorus contents found in the soils over 
both copper and lead-zinc deposits may have a bearing on 
plant distribution in these areas, though relatively high 
levels of this element also occurred in neighbouring soils 
where the assemblage species were not presente 
(vi)o Minor variations in lithology and the acidity of 
the soil apparently play little part in the distribution 
of the plant assemblage over the ore-deposits. The assemb-
lage species, however, tend to avoid basic soils, and 
hence are generally absent from the vicinity of copper 
showings in the limy calc-silicate rocks of the region. 
(vii). It appears that it is not the presence, or absence , I 
of anyone element in the substrate which governs the 
extent of the assemblage in mineralised regions. Rather 
the occurrence in excess of copper, lead or zinc, seems to 
form the dominant factor. This is in part borne out by 
the similarity of the assemblages growing on lead-zinc and " 
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copp3r deposits. The background vegetation seems to be 
c."Jle to withstand highe:r concentrations of zinc than either, 
8C~r3~ or lead . Hencc zinc may have less influence on the 
dist~ibution o~ the veeet~tio~ in the vicinity of mineral-. 
isat io:!.J. than t:'::.G la"ctc)::' :::.otals $ 
(viii ). The occu:r:-rGnce of the assemblage species over the 
mineralised zonc~ probably lies in their better adaptation 
to t~c toxic metal concentrations in the soils of these 
2rens than the more widesp:read plants . The sequence of 
events was possibly as follows. As the orG- deposits were 
exposed by erosion , the overlying soils became enriched in 
the ore- metals. At first these areas were probably devoid 
of vegetation due to the toxic conditions~ Gradually , 
howevGr, the species noY! comprising the assemblage devel-
oped over these zones became adapted to this environment. 
Possibly increased competition from other plants played a 
part in this evolutionary process, and the species migrated 
to the vicinity of the ore-denosits where the pressure of 
competition was less severe" 
(ix)~ Several of the occurrences of Tephrosia sp. novo 
in areas not known to be mineralised mark the sites of 
minor copper and zinc anomalies in the underlying soils . 
The distribution of this species on the apparently l argely 
unmineralisGd calc- silicates west of the Mt. Rosebee fault 
zone may indicate a zone of erratic copper minGralisation 
some eight miles in lGngth . At the northern end of this 
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zone, copper occurs at the Turkey Creek and other showings ~ . 
while the presence of this metal a~ the southern extre~it~T 
has been confirmed by geochemical investigations and trac es ' 
of malachite-staining. A similar zone of scattered sta~ds 
of this species may define a northward-extension of the 
lead-zinc Lode, and possibly also some pockets of copper 
mineralisation o 
(x). An almost monospecific community of Eriacl~e 
mucronata 011 the Mt. Rosebee fault line, where mineral-
isation is not expressed on the surface, is apparently 
associated with anomalous concentrations of copper and 
zinc in the soils. This may be related to an unsuspected 
: ' 
ore-body at depth. Where, however, this species occurs as . 
small patches, or where it is found as a subdominant member 
of the background vegetation, then the present evidence 
indicates that it is not related to underlying mineral-
isation. 
(xi) • The distribution of Polycarpaea glabra in areas 
devoid of mineralisation is confined to creeks draining 
the barren Quartzite Range. Here it occurs only sparsely, 
sometimes with Bulbostylis barbatae Analysis of the stream . 
sediments and bank soils from these areas indicates low 
values for copper, lead and zinc, and hence the plants are 
apparently not associated with mineralisation at these 
sites. 
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(xii). It would seem that individual occurrences of the 
assemblage species cannot be taken as absolute evidence 
of a zone of metal-enrichment in the underlying soil, or 
of mineralisation at depth. On the other hand, where seve- . 
ral of these species are found together, forming a separate, 
assemblage distinct from the neighbouring vegetation, then 
either lead-zinc or copper mineralisation will probably be 
present in the bedrock below. 
(xiii). The experience gained in the Dugald River Area 
suggests that the species Tephrosia sp. nov., Polycarpaea 
glabra and Eriachne mucronata could be utilised as indi-
cator plants in reconnaissance prospecting for copper, 
lead and zinc throughout the Mt. Isa-Cloncurry field. The 
plants can be recognised from a fair distance by virtue 
of their distinctive appearance, especially during the 
dry season when most field work is carried out. Moreover, 
the distribution of the species over known ore-deposits may 
be of value in determining the areal extent of the mineral-
ised zone. As noted in (vi), however, the assemblage 
species tend to avoid basic soils, and hence are generally 
absent over copper mineralisation in calcareous host rocks. 
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BIOGEOCHEMICAL IFVESTIGATIONS IN THE DUGALD 
-. ..... - _ .. . . .. ~ - _ .. - - .... ,. --. - . ... - -- ... - --- - ---
RIVER AREA 
-------
(I). In_tr_oduc_ti_qn 
As far as can be ascertained from study of the literatui ' 
the plant analysis or biogeochemical method has not been 
previously used in prospecting for base- metals in Australia) 
The preAent, preliminary, study was undertaken to assess 
the possibilities of the method in the Mt . Isa- Cloncurry 
field . The investigation also sought to provide information 
on the relationship between the ore- metal content in the 
plants growing over the mineralised zones and the concen-
tration in the near- surface soil . Such information might, 
it was felt, give some insight into the factors governing 
plant distribution in these areas . 
A series of leaf samples of the widespread grass, 
!rio~iaJ?ung~ns,was collected from rocks apparently devoid 
of mineralisation to provide data on the normal or 
"background" conoentration of the oTe-metals. . Apart from 
this species, most samples were taken from the plants 
associated with mineralisation in the area, i . e . Tephr2sia 
sp. novo (Dugald R. N1MC/DMJP No . 5), 
~yc8:£pi1_e2_ g1-_~b.r.a_! Eri.5lshne .IJlu_c...r2-nata, !?}llbost;vlis barba~~ 
and )r;hT1!bristy.li~ sp . (Dugald R. Ml'!ICjD11JP No . 279) . 
These specios were also sampled when found growing in 
areas not known to be mineralised . Anomalous metal concen-
trations in these samples might indicate that the occurrencE' 
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of the plants was associated with unsuspe cted mineral isatio 
at depth . 
Many investigations , e . g . that by Lotspeich and Markwar 
(1963 ) , have indicated that different parts of the same 
pl ant may vary widely in metal content . 1/here possible , 
therefore , the plant samples were separated into flowers , 
fruits , leaves and stems in order to determine which part 
of the plant showed the most consistent results and would 
thus be of most value in biogeochemi cal prospect ing . 
I 
( a ). g_o 1-_e __ o_f __ J;he_. 0 re.:_me t?-l.~. in..'Q1.a.n.. t.lll§ tab .9lt~fl1..3p._g._"p_ro ce s l? e 
involved in their assimilation 
-. -----_._---- --
Copper and zinc are among the elements class8d as 
mic r o- nutrients , i . e . they are essential, though in very 
smal l amounts , to the proper growth and development of 
pl ants . As far as is knovm, however, no role has yet been 
observed for lead in plant metabolism . 
There seems general agreement that copper plays a 
role in plant respiration. Hewitt , (1 958), found that the 
enzymes with which copper are associated are all terminal 
aerobic oxidases which produce water , while Stiles, (195 8 ),. 
lists a number of oxidising enzymes which require copper 
f or their activation . 
7.inc has been found in carbonic anhydrase, which 
catalyses the decomposition of carbonic acid to carbon 
dioxide and water , (Stiles, ibid) . Skoog , ' (1940), reports 
that ~ino is associatBd with auxins , while work by Wood 
.... " 
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and Sibley, ( 1 949), has indicated that between onc-fifth 
\' 
leaves of crop Plan,! 
that the metal also I· , 
and one-half of the zinc present in the 
occurs in the chloroplasts, suggesting 
plays a role in photosynthesis . 
Numerous investigators have ShOVlffi that the uptake of 
one element by a plant may be influenced by the presence 
or absence of a second in the rooting medium . Thus Stiles , 
(ibid) , remarks that the adsorption of manganese may be 
affected by the presence of compounds or iron in the soil . 
In the experiments of Hewitt , (1953) , excess of copper in 
the rooting medium produced symptoms of iron deficiency , 
while excess zinc produced apparent manganese deficiency . 
The detection of such antagonisms in the present study 
was complicated by several factors , the most important 
obviously being that it was made under natural conditions . 
Thus variations in other soil properties , such as the pH , 
could affect the uptake of one metal by a plant besides 
the presence of a second element in the rooting medium . 
Secondly, soils rich in zinc were generally relatively 
high in lead also . Thus comparison was difficult between, 
for example , zinc- uptake by a plant growing in a high 
zinc- low lead environment with one from a soil containing 
high levels of both elements . On the other hand , copper-
rich soils vvere generally poor in lead and zinc , and vice 
Ji 
r 
I, 
~: ~ 
II 
versa . Hence t t was rarely pas si ble to compare , for example 'It 
copper uptake in a pl ant from a high copper- low zinc soil 
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uith one from a soil containing large concentrations of 
Although the processes involved in the assimilation of 
the major elements by plants have been the subject of 
numerous studies, little work has been carried out on the 
uptake of the mic tH7 ·nutrients. It appears that the first 
3tage in the passage of a metallic ion into the plant is 
the conversion of the metal to a soluble form in the r o otin :1 
j 
medium. This occurs by natural weathering processes, perhap"" .1 
, 
involving conversion to bicarbonates of low or intermediate 11,1 
ij 
solubility by the action of carbon dioxide dissolved in rain 
water . Alternatively, the metal may be rendered into a 
soluble form by the action of chelating agents produced by 
microorganisms , (Fritz, 1961) . 
As yet, there seems no general agreement on the mechani I 
, , 
" of the entry of metallic ions into the root, though several . 
,i, 
theories have been put forward. The Carbon Dioxide HypothesI, ' 
t I 
proposes that carbon dioxide, released from the root during:1 
1 
respiration, reacts with water to produce carbonic acid, 
which then diffuses to the surface of the soil particles. 
At this point, exchange takes place between hydrogen ions 
and adsorbed cations, as a result of which the latter 
enterz the soil solution and diffuse to the root surface . 
Here the cation is either absorbed by exchange for hydrogen 
ions or in association with anions. Although arguments 
have been raised against this process, Sutcliffe , (1962), 
considers that it is likely that it plays an important 
l 
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11 j: 
part in the passage of metallic ions into the roots. j 
I 
A second hypot'tesifJ i">Ilv:,sRl:res a cOll-cinuation of the , I, 
soil solution into -~~he 11 01XCC'I' I: space of the plant ,a:n0_ haD b1C: 
termed Passive Entry. This suggests a concentration functio~ ll 
in which uptake -Co -cl...; S{);)ot is proportional to cOll.centrRti 
and relati vcly independent Oj~ other ions, tempel"'a ture !:md 
metabolic inhibitors, (F~jed and Shapiro, 1961). Epste in, 
(1955), has described experiments demonstrating a passive 
and reversible perr:leation of bal'ley roots by sulphate and 
other inorganic ions throvgh dif£vsicn. The volume so 
accessible he defined as the outer space of the tissue. 
The region to which the ions are transported and vl1181'8 
they are no longer subject to loss by diffusion or exchange 
with other ions he defined as the inner space . 
It is generally acknowledged that once inside the root .. 
the nutrients are carried upwards in the transpiration, 
stream through the xylem. Thus in the experiments of Stout 
and Hoagland, (1939), the xylem and phloem of the stems of 
several plant species were separated by the insertion of 
strips of waxed paper, though the longitudinal continuity 
of each element was left intact. Radioactive nutrient 
h ~ 
elements were then placed in the root environment and the I 
path of the elements traced; at the point of divergence, l' d 
most , if not all, of the elements moved upvvards in the xyle~ 'I 
\1' 
Biddulph, (1953), remarks that the fate of the minerals \1\ 
swept upwards by the transpiration stream might vary accordj 
,~, 
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to the element, the plant and the conditions existing 
within the plant at the time of absorption. He enumerates 
several possibilities: 
! 11 
1. A portion of the material will be captured by the cells i I 
Adjament to the xylem. 
2. A portion may move laterally to actively metabolizing ce]! 
3. A portion may move directly to the apical primordia and 
adjacent regions of active metabolism . 
4. A portion may be deposited in the leaves having moved 
there via the transpiration stream. 
(b). Previous work 
---~--- -- . 
The studies by Webb and lVIillman, (1951), and Debnam, 
(1955), have been reviewed in the Introduction to this 
report. These appear to be the sole investigations into 
the biogeochemical prospecting method in tropical climates. 
References in the literature to their use in temperate 
regions are more extensive, however. One of the first 
investigations was that by the Swedish Prospecting Company, 
(1939), who showed that a close association existed between 
the metal content of vegetation and sub-outcropping 
tin and tungsten deposits in Sweden and Cornwall. 
In Finland, I,1armo, (1953), analysed the -copper, nickel, 
zinc and molybdenum contents in the leaves of 'y?-.c_cjp~U~ 
vitis idaea growing over kno~m copper, zinc and molybdenum 
- .--- ... ---
mineralisation. This author found that, while even small 
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amounts of these elements in the bedrock were~lected in 
the plants, biogeochemical methods were most suitable as 
an adjunct to geophysical techniques . In the same country, 
Salmi, (I956), made a comparative study of the copper, lead 
and zinc contents in Ledum palustre and in the underlying 
peat in an area of lead-zinc mineralisation . There was a 
rOO-fold difference between the highest and lowest copper 
values in the peat samples, but only a 3 and 5-fold 
difference respectively for the leaves and twigs of 
L. palustre. Similarly for zinc the corresponding dif~e-
. . 
rences for peat, leaf and twig samples were 30 , 30 and 
20-fold respectiv~ly , and for lead IOO, 20 and 20- fold . 
Numerous investigations of the biogeochemical method 
have been carried out by Warren and his co-workers in 
British Columbia, (Warren , I962, and references in this 
paper). Particular attention has been given to the tree 
species, since it was felt that these were more likely 
to "tap" ore-bodies at depth . After many thousands of 
analyses, the background values for the elements copper, 
lead, zinc and manganese have been calculated for the 
common tree species occurring within the region . Their 
studies have also shown which part of the tree - second 
year twigs - gave the most consistent results . 
Lovering , Huff and Almond, ( I950), analysed a variety 
of plant species , mostly herbs and grasses, growing over 
a copper deposit in Arizona . Their results indicated that 
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the level of copper in the plants was relatively low 
compared with its concentration in the underlying soil . 
This was considered to be due to the alkalinity of the 
soil , and the resultant immobility of copper, under the 
desert climate pertaining in the study- area . They therefore 
concluded that, under similar conditions, the biogeochemical 
method offered little advantage over direct analysis of 
the soil. 
The search for uranium in the United States during the 
past decade has led to many investigations in the Colorado 
Plateau area, (Cannon, 1960, Kleinhampl, 1962 and Klein-
hampl and Koteff, 1960) . Both indicator plant and biogeo-
chemical methods have shovm fair success in the location 
of uranium deposits . Thus, in one district, plant analyses 
found 110 localities which were probably mineralised, and 
at least 55 of these were considered to contain mineable 
quantities of uranium. 
The biogeochemical methods have been used in Russia 
for a number of years, and are probably more popular here 
than in any other country . Tkalich, (1953), reports that 
the iron content in plants can be utilised in prospecting, 
not only for deposits of this metal, but also for other 
sulphide-rich ore bodies . By determination of the iron 
content in birch and pine leaves in an area of copper 
mineralisation, it was possible to outline the boundaries 
of the sub-outcropping deposits . Poskotin and Lyubimovr;" \ I 
I ~ 
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(1963 ) , also report favourably on the biogeochemical 
method , as applied to an area in the Middle Urals . BircfJ. 
and .pine tre es Here again sampled, and it was found that 
analysis of the leaves nnd twigs could detect unsuopectod 
lead and zinc mineralisation at depths of up to 30 Jr • • 
From the literature reviewed , it will be evident tha (, ~ 
whereas some investigations have sho~m disappointing 
results , most authors consider that biogeochernical mcthodc 
may show useful results in prospecting for ore-deposits , 
including those of copper , lead and zinc with ·which the 
present study is concerned . The method would appear t o bc 
particularly useful in locating mineralised zones in area~ 
where the bedrock is l argely masked by overburden and 
where the metal s are not rendered immobile by alkaline soils . .. 
Details of the collection, ashing and anal;)' 8is of the 
plant samples are given Appendix B and the following is 
only a brief summary . 
(i) After collection and air-drying the samples, 
where possible, were separated out into flo\Ters, leaves, 
sterns etc . Duplicate samples were ashed using tlwet" and 
dry ashing methods . For the reasons given in the App endix 
however , the latter method was thought preferable and all 
the results shovm in the following ,Tables are based on 
results obtained from drY- 8.shed samples. After dupli c2.t e 
analyses on samples . of milled and un- milled material , it 
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VIas apparent that little advantage was gained from 
milling the samples, and again all the results are based 
on un- milled material . 
The analyses for copper, lead and zinc content of the 
samples were carried out using a bisulphate fuoion and a 
Jeach of 1 . 0 M-hydrochloric acid which is later diluted to 
0.5 ~ . Aliquots of this solution were tested colorimetri-
cally for the above met~ls. 
(ii) The results in all cases are expressed in parts 
per million of the ash, followed by the values in ppm of 
the oven- dry material, (in parenthesis) . 
(iii) In the case of the lead results, the lower limit 
of detection with the 0 .1 gm . sample of ash normally used 
in the analyses was generally 10 ppm . This is indicated 
by the sign:::, preceding the figure . Values greater than 
10 ppm and preceded by this sign in the Tables indicates 
that the lead content was at the lower limit of detection 
with the sample weight used. This applies particularly 
to analYf".les performed on material such as flowers and 
fruit, where a low sample weight was often necessitated 
ouing to the difficulty of collecting sufficient material 
to g ive a weight of ash of 0 . 1 gm . 
(iv) The accuracies and ranges for the analyses of 
the elements under discussion are as follows: 
popper; Plus or minus 25 ~ at the 95 ~ confidence level 
over the Range of 5 - 20,000 ppm . 
I: 
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Lead; Plus or {",inu.D ?5 1~ [:t the 95 7\; confidence level 
Zin~3 Plus or rnil11..l ,1 ~.J 'j.J 2t the 95 '!~ confidence level 
over the RaJ1~e 5 - 3500 ppm. 
(v) T!fany of th~ sample s contained zinc contents 
above tho -Gc:) l·.t'-.~ t, 0': 1;1',,:; Eange Quoted above , and dilution 
of the samp10 so:~tion ~£~E required . Above the 3500 ppm 
level, therefore, r~8al~b outs ide the 25 % accuracy 
limits may occur; wl1e:r-8 l)of:ls j,ble, duplicate analyses were 
run to check 'che r cr':,-11 CG . 
(vi) UnlcGG othe:-";'.' -i ::<8 stated, the soil sampling depth 
was 4 to 6 ins' 1 ~n~ the analyses were performed on the 
minus 80 mesh mat~ri 8.1< 
( 2) Results 
--- ---
The background '!Qlue , or normal abundance of an 
element in plants growing in un-mineralised areas , will 
depend on a number of variables . These include the abund-
ance of the element in the underlying soils and rocks, 
the acididity of the soil, and the age, life-form and 
species of plqnt sampled . Similarly, the upper limit of 
normal background fluctuE-Gion, or threshold value, 
(Havvkes and ~"-ebb, I96?), can be expected to vary from 
area to area 8.nd from plant to plant. 
The backgrounC. 8J1l".. threshJld levels for copper, lead 
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and zinc in the Dugald River Area were calculated from 
16 samples of the leaves of ~Iiodia_~~ngens. The choice 
0f this species was based on its abundance and wide 
distribution throughout the area. Since the species was 
sterile at the time of collection, only the leaves were 
available for sampling . 
The samples were collected at the same localities 
as the soils from the Ht . 1sa-Cloncurry traverse, used in 
the calculation of the threshold values for soils 
(Table 5). The traverse ran at right angles to the strike 
of the country rock, which comprises similar rocks to 
those outcropping in the Dugald River Area, and belong 
to the same Corella Formation . 
The full results of the analyses are indicated in 
Table 7, and the calculated background and threshold 
values in Table 8. The lead results remain at the lower 
limit of detection throughout the length of the traverse; 
thus El figure of 20 (2) ppm was taken as threshold. 
Inspection of the results from anomalous areas indicates 
that lead values above this level were generally signi-
ficant in defining anomalies. 
To facilitate discussion in the following pages, the 
threshold value for copper has been taken as 70 (4) ppm, 
and that for zinc as 220 (13) ppm. 
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Table -? : ~riodi§Lpungcm!3.!-. Analyses of Plant Samples collected along Traverse following fiI01.mt Isa/Cloncurry Road. 
· 
Un-milled, dry-ashed material. 
.. ·- ···-·-··-·-l--·-·---·--·----·-··--l--······-----· --.. -.... ------- - _ .. _. ~ I 
Locality. 1 ' I i 
Distancef " ! l
i I ppm of oven-dry ppm of soil 
in miles W Part ( 6 ) N from '. '!If % ' ppm of Ash . cu/Zn 1 .. _.'."" t.:~i.."': .. __ . __ .. 4~ in_,,-_ Cu/Zn Rock 3:~ :~oncurry ::::s ~~:O ::.-~p: I l;~--' :~;~~' ._~~~~J_!~ ... _Z~_- ~-. I Pb I Zn Ratio Type .. -..... 
... ~282 i 
-............ ; 
--.- -._-_ ... _- _ ........ __ .. _.- -_ .... _-_. -_. ---'- -...... _ .. .-' -- ...... .............. . ... _ ............. _ ....... _ ...... -.. _ ............... _. 
3~/ 32 11 6.27 55 -.20 i 100 0.55 3. 44 
1_ 2~ -+-- .. _ ... ___ " .. _. ____ ... __ ........ . ____ ... _ -.--.-~ ...... --....... - .......... -.... _. -· .. · .... · .. ·---f .. ·- .-.. -... ----.--' _§.~JJ.~.~.1§..s. . ... .. 
3g~85 31.5 "t, . 68 35
,
,10 120 0.29 1,63 Ll 5.61 82 .5 L 5 25 3,3 Dark 
i ~ siliceous I sediments 
.""._. __ ___ . __ .. ___ -4-__ . ..... ... _ r--" .. ._.. .. ....... ___ .. __ ....... _ ........ -..... _ ..._ ..... ____ ._ -'-"-'-' ----. .-......... -.... -........ -. - .-............ -_ ........... _ •... -..... " .... _ ... __ .... - .......... ~ ... ~ .•. n .... . 
. ~~hJ,.;-. 28.5 "5.68 60 I < 10 90 0.66 3. ~l ?: 1 5.n 55 /. 5 20 2,25 Siliceous ~~j2l~8 ::. ___ . ~!5-~62T:~5= ~5?_~~~~~~~ .. _~.~~ L ~-~- '-5 ~-50 70 -:5 .... · .... · --2-5" -~_,;~~:~~~;~~::~:~: 
.. §.292_ ... 27 ,5 1,, 32 33, -. 10 70 0, "07 l, t,2 1- 1 3.02 ~O < 5 25 1.6 Siliceous ~~~9 ~5"--'-----;,- . t" 55 ' >-:;5 - r--~o-" '-70" "-0: 6,~-1--2 , 05- -;:-'i"- -:;:-i8 -90 -- -:':'''5- 35-'- -;~57-- _._~=~~~:!~ .. E3.. 
~, ... f., 5k .... - ..... _._._-_. .._-->- -----+------_ ........ _ ..... -.-- .. -._--_._ .. __ ._. --' ----- ----_. -_ .. _._ ....................... -......... . 3_g~02 23 "5,6(, 60 "-10 220 0.27 3,38 " 1 12. 40 95 .' 5 20 <:-.75 Siliceous 
__ .. sediments 
___ ._ ___ _ ___ L .• _ • .••• - _, •. _."._ ......... __ ... h ......... .... ".I;,.. • • "..., ..... "'."'""'.;.,1'" .. • n'r ..• tb-.... n': .. ,r •. r . . . .. ...... ·-n'··I.': •• ·.;~ ....... • •• ·~:O; .':'.; ••• rn-. ; ........... :.~.; •• _ •••.•• .••• : ••..•.•.•. .. •. : •.• 
3 -- .---- .-.----- .-_ ....... _ . .. -. ~... . ... -_.. ..... . .. 
. __ ~~Q~. 22.5 "3.98 50 LIO 60 0.83 1.99 _ 1 2,38 37.5 L. 5 :~~3/0Ar --';-2 _ .-..... --_. ·--·~~---·11 ~-:;;:- '30 · l~· s··· P- 60 '--(;;-50 - -'-~:29-,-J"- -2.'59' '22-:-5 --5-T15 .. _-·~· 5_"-.'·'· --s'il-i';~'~~';' -
_ ' I . a§1l1omer,,:!<, 
---:..L.. _____ L----..L..-.- -l-----.- . __ .. ____ .. _ .. _____ - .. - .. _.,,- .. - I ._l---
20 1.87 Agglomerate 
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Table 8: 
- l~n -
Cal_c'y)at_e_d __ B.a_c~.gr:..q.up..d __ ap..d. JpIes.h_oJ~ :La.l}l.e§. 
jn Plants fo~ __ QQp~erz Lead and Zinc 
• •• _ •••••• •••••••• •••• ••••• _ • •••••••••••• _ •• • • •• • _~ •• • ••• • •• • _._ •••• •••••••••• _ •••••••• _ ._ •••••• • •• •••• ••• • _~ •••• , _ ••• •••• _ .. .. . ... . . ~ ... . . . H •••• _, _. : __ ••• ,. .... _ •• _ • ••• " _ •••• _ •• •• •• _ ••• 0 . , 
Cu ; Pb ' Zn ' Cu ! Pb ; Zn 
. . i .... .. -. . .. . ... . . . . . ... . .. ~ . . . . . .. .... . ..... r .. ... . . -r .. . . .. ... .. .. " "'" " ~ ... - .. -... ..... .. .... ........ ...... -.. .. 
, 
Mean 44 :{I O : II9 . 3 0 . 44 2 . 42: ~.' I 6 .5 2 
Standard I3 . 6 - 51 . 7 Deviation 0 . 2I 0.7I 3 . 3I 
Threshold 7I . 2 20 , 222 3 . 84 2 : I3 . I4 
(b ) Bioge_o cp.~_m.i_s_~l'y_ .of . .. trJ_o.9.J8...pEP£en§. 
As described above, the results of analysis of the 
leaves of this species from the NIt . Isa- Clon.curry ,· traverse 
were used to calculate the background and threshold values 
in plant material. A further group of samples from un-
mineralised localities in the Dugald River Area were 
analysed to indicate whether any significant variation 
occurred in the normal plant metal contents . This species 
was also samples from the vicinity of l.ead~-z.in:c and copper 
mineralisation , forming a basis for comparison with the 
analyses of the species aS80ciated with mineralisation . 
As in the Mt . Isa- Cloncurry samples , only the leaves 
were sampled . 
The results from background areas at the Dugald 
River are indicated in Table 9 . Both the copper and lead 
contents are of the same order as those in the samples 
from the background traverse, (Table 7), but zinc exceeds 
') 
I1 
I. 
i' 
, 
:11 
'., 
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Table 9 Triodia pung~. Analyses of Plant Samples from Background Areas, Dugald River . 
Un-milled, dry-ashed material • 
..... ·1' .. ·········_ ••. .. ':' •.• j ................... __ .. _- ...... ~ ........ ;~~~ ........ ,. .: ............... ...................................... j" .......... · .......... · .... ·-: .. · .... ppm .... c;i .. 'ove'!i':::'ci'ry ' . ; ... · .. · ..ppm· · .. Of .... S 0 'ii .... .. ... ...... ..... ............ .............................. -.. 
i No . . of ; ,; ; jljlro,?~l'~h I Cu/Zn , m,,:ter,~al , Y' ,::6 i~~) Cu/Zn : Rock . 
r- .. . ... + ....L()c.!ll.~ t y ........... :. __ .p_~_"" ~ .. _. L_.A~ll .... .c"-..I_~])..! .. l\.!l .. _i ........ It.',':t-~o ....... ·...~."- .-.l ... ~~ ..; ~!l ......... ; .. gu_; .. __ }"lJ.-! ........ ~.ll ... + ....... J(."~.:i 9 ... ! -~YI'e. ... ............. 1 .. i i~( i 55~gg~~ i Leaves: 5.05 : ~5 i dO ! 370 ! 0.12 ' 2.27 i od i 18.68 . " . ~~~Vi1llIi . :~ ··1.······· ....................... -...... , ......•. --" .. ,:.... . .............. -.' ;. ' ....•.........•. ; ... ... -.' ..•.. ! .. _ ................... : ............... ....... :: ... , .... ", .. ,_ .... . - ...... , ........ -, -,. ; ..... ....... ~.'. ,., ,- .. - .. , .,. .. ......... . .... . .. ........ +._-- ..... : ...... --.................. ~ ... ......... . ".'; .! .... ... . .... .... ... ..... .... ! i: j Quartzite i 
i 40/ 
! 159 Leaves i 7. <-.1 220 
0.20 3.33 ! ~l 16.30 
rubble on : 
fragmental! 
; calc-
! : [ : silicates : 
.. ....... _ ..... 1"" ... _ ..... '1' ................. ·r· .. ... .... · .. _ .......... · .. 1 .......... • .... • ............. .. ........... : 
: : Quartzite 
t··_ .... ·.. . ;' ! .. · .. t .. · .... · ...... ............................. ~ ........ ........ ................. y ................ .. · .. f· .... · .... · .. ,,·,,; .... " ....... -~ ............. - ...... ! ......................... '.. ..... . . ..... .. · ........ f· ............ ..-f-_ .......... . [ l 
rubble • i.: 40/ i.' 13700S / ';: : 
: 158 : tl . l ....... _. i 2700 i Leaves : 5 , 31 : 50 :<:10 . 160 .. ~.... ... .... .. .... !. .. ....... . ..... j ................ .. 0.31 . 2.65 ;< 1 1 e,49 .." ............... " ......... : ........... _ ........ '1" ......... ""j' .... "" .. " ! 'T' '--.......... __ ............. _ .... .. : ............................. + ...... ·· ...... · .. ·r· .... ··· ·T .. ·"· .. ··· .... · .. ·j .......... .. 
! 
, , 
Quartzite ; 
rubble on : 
fragmental : 
calc- : 
silicates i 
140/ i 157 
, 
I 
S tr~·OO / 
3000" Leaves i 6.37 
30 i <.: 10 : , 
i 
50 ! 0.60 1,91 [~ l 
1--.. .1 ... 
; : 
• I' ~ ••••••••••• 1 .•• :l..••....••••••..• ' •. ,:t ............ '. __ ,:'::" .................. . .. _ .. ... :~ ., ... _ ... . ... . . . . : ....... 1 . .. ..... . .. ......  :.j: .... .. , .. _-' , . . :.:.: . .... _ ........ :,.:L . . .. ... ......... ,.::- ............. - ... :: . ...... .... . --...... ........ . ~ ......... .. .. - ............. , -, . _ ...... :'. 
. ............ , ....... · .. t······ .. ·· .•..... ' -'- ...••.•. -:' ............... -- ~ .... . i ;: . ;; Quartzite 
! 40/ 
155 
..... - ....... . 
40 / 
148 
! 
21008 / 
2100\'1 
. : ................ - ...... . , 
: Leaves 18. 08 i 35 1 ~10 80 0. 4tr 2~82 :::.:/. 1 6. l~ 6 10 ! L25 20 0,50 ~~~~=e on 
. '1' t . 
i ; . , ,; : ' . ; . : . : Sl. l.ca es : 
.. " ..... _ ... ; ............. ............ 1 ...... , ......... 1 .............. : .......... _ ........ [ .. ·_ .. · .. " .." .... j ... ... .......... ............ ·_· ·i .. ·· .. ·· .. _··· .. · .... ·t .. · .. · .... · .. · .. t- .. · ...... · .... ·· .. · ..+·· .. · .... · .... ·t .. ··· ........ · .... (·· .... · .... _ .. ·f ........ ·· ............. _ .... ( ...... -Q·~~;t-~'it~ ~ 
! : ::. 75 ' L.IO i 190 0 39 ,! 4- 31 1 1 i 10,92 : 50 !:. L 5 : 25 1 2,00 ; rubble on ; 
Leaves: 5.75 " : . j? ' Quartzite : 
. cong1omer- i 
.. .. .. .. ............. ;. " ... a.t.o ... .... _ .... ,_ .... i i 
I 
'. f ••• , ........ _ •••• J ................................................................................................ .................................... - .. . 
.......... ......... ..................... .. ........... ". ..... ...... .. .... " ................. .... " ............................ .L .............. ..j ..................... : ........ "" .......... ~ .. .. 
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the threshold level in two of the samples . This presum-
ably reflects the occurence of zinc mineralisation in 
the Dugald River Area . 
The background and threshold values were calculated 
from this eroup of sarrples as in those from the Mt . Isa-
Cloncurry trEi~er~e; (Tabl~ id) : Tll& 
Table 10; Calc.u.la~_e.d __ 1?_ackgr...qung_._an.§_ Thr.§J?h.,o)..9-_ y.§..l_u.e_~Jp. 
; 
Plants based on six Samples of Triodia _ .. _____ 1._ .. _., . ____ .. , ______ ,_ .. __ . , ___ . , • . _.
P2_~ge_n.s_ !:r_o]n. B.a_q.kE.ro~n.d. !-.r.e _a_?_ . . a.t .. _tp.~. 
ppm of ash 
P.uJS... a~ ..d. ,RJ..Y~.£ 
Cu/Zn ! _ 
R t ' i pprn of oven dry La 10 ; 
........ - ..... , ............................. ! ..... ................................ ; ......... -. . ..... 1" ......................................... ........ -........ . 
Mean 
Standard 
Deviation 
Threshold 
i Cu Zn , 
r •. , .. .. -
178 
: 15';6 113 
j 77 . 8 20 404 
0 . 34 
0 .17 
'·;· .. ~~·T '~·,·~· 'i 10 . 67 
; 
o • 86! - ! 5 . 93 
l 
. 4.60 2-: 2?!~22 ~6 3 
••••• " .••••••• • ••.•••• ••• • • •••••••••• I ••••••.••••• • •• • ••••••••.••.•• j •.....•.•..... _....... . ..•.•.... _. _, •.......... •. .•..•...•.•. 
results indicate that, while the copper values are only 
slightly higher in the Dugald River samples , the thres-
hold value for zinc is almost twice that in the Mt . Isa-
Cloncurry samples . In view of the relatively small 
number of samples collected in background regions in the 
Dugald River Area , however, it is probable that the latter 
group of samples give a better estimate of the background 
levels. Hence these values will be used throughout the 
following discussion . 
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Table 11 : Triodia pungens . Analyses of Plant Samples from Duga1d River Lode Area. 
Unmi11ed, dry- ushed material . 
: of % )?;P..~. ?~ ... ~.~~ ......... : Cu/Zn ~ ...... n:l~~ .~:r:~~~ ........ _ .......... _ ... ~ ..... JA.,.= ... § .. ~.~) ........ .. : Cu/Zn ! Rock 
L.N..9. .. _._L:ft~.c~~.i ~Y. . :.l~?Jl t .... ..A..s.1l. ~ . C~. .~ .... ~b .. L. .... ~!l: ......... l ..... ~~~ .. ~.<? .. ... ; ........ q~ ........ ; ... J~;t? ...... ... .!.~~ ............ ! ...... q.lJ.: ... .) ... J.'P. .. H ••••••••••• ~g ....... L. ... g~:ti.q ....... : .. ..... J~yp.~ ...... .. .... _ ............. .. 
: [ S vi' :, ;: , :; ; . ~ 140 /1 t..Lrl 11.50 /920 Leaves ' 3 ~ 65 i flr 5 : ~ 10 , 1800 : 0,025 : 1.64: ~ 1 ! 65.7 : 35 : ~ 25 800 i 0.044 i Shales !-............... :... ... .... ... ...... '7 .... . .. ...... i" ........ ~ ........ ..... ~ ............... + ... _ ...... · .. · .... 1'············· .. ·· .............. i·················· .. · .. ····;·······_········· .. ·!······· ............... ·i···················~··········· ....... ; ......... ... . '.... ~ .... , .' ..... _ .... "'--r-" ............................. .... -............... . 
;40 / 1431 1150S/ 730W ; Leaves ' tr.02: 60 ,L 10 i 2200 0,027 I 2. 41 >- 1 i 88. (tr; 115 : 10 : 500 i 0.23 \ Shales 
~ ! - ._- .-.. _.-.......... ,_., ... , ,'- -" ,', n 'l' , ~.. ·-t- ........... ......... ;'" .............. · .. ·· .. ···'''f ...... --.........---. ·r··-· 1 ; _ · .. ·····-r .. ·_····· .... · .. ·r .. · .. _ .. ···_·· .... ··· .... ·_·r .. ·· .... · ....................................... -...... " .. 
140 / 142! 1150S/620W Leaves 4.11 i 25 ; ~10 : 440 : 0,057 i 1.03 \£: 1 i 18 . 08 ; 365 ! 20 : 620: 0.59 Gossanous 
;I,O/lt,O! 1150S 1430" Leave.: 3.82 i125j G10 370 ; 0.3 1, 4.77 ,,,- 1 14 .13 : 500 ' 20 100 ' 5.00 Schists 
i 4~;13;j ~~;~S /180 ,I Leav~. : ; . 0/, i 65 : 1~ - ; ;;O~ ; ~.~;~ ~: ~7 1~~ : ; : 6~ : ~ 1--;,; r ~~ r;,~~~ r ~:~~; i . ~~~~~~~~~.~.~~ ......  .
l .. _·· . l . ..... ......... .. ·r-·· .. · -_._ ....... ; ............ ·• .. ·t . ········1··· ............ \ .................. ~ ......... : .... ··· ............ ·l·· ........ · .. ·: .. ··~· .... ..i .................. j ............ ............. : ..................... ( ........... · .. .. ·1· .. ·· .... · .... ·· ··r .... · .... ·· .......... ·· ...... ··T· .. ···~·~·~·~ ·~·~·?·!l·~· ............ . 
130/ 1100N/450Vl Leaves : 3 . 97 !60 iL10 i 2600 i 0.023 ! 2.33 ~ L1 1103 j 600 : 120 ; 1300 1 0. 46 i Hanging-
; 6000 I .: I ! , ! : ! ; : 1; ; wall shale s 130/'''1' 100~f / Ir30 vI . ~'L'~ave's '; "~:', 6'3 "; 15 .... · ~ .. ~io· .. l .... 2600 .... r .. · .. o· ~ .. OO·6 .... ···1" ..... ~.~ '6'9"l~"i ' ..... h~o"'"'' ..... :..... ~;o~ .. r .. ·;~·; .... l"6;:o·o .. ·l .... · ..; .. ~ · O·63 .. "'!'" .. ~~~.~~~ ............... .. 
< j 3~7CJ.? !lorlll,2011 , Leave 95:12--:-:'0 ":~ lo ! 37oo .. j . '0 ~oill -' 2:o5bi"f189 +;oo+;oo !; I,o~ r-~: 088 + ;;~~~::=~e ? .. 
i 3~7°t. :l~rl 1410 w' TL~~~e ~ "3-.95 ' -35 ,., ~10+ 375o t o:oOg- L' l'.3sf:i [151 ': 240t'550'i~;500 L-O :053 ; . ;~~~:::Le •. 
. i ;~~9§L lOON 11,05" 'l Leave. 3 . 97 ;70 . 25 : I,soa : . 0. 01;' . 2:78 i O';991 ~78 i ;~~ 1 500 i ~8~0 :-0.1; : :::~~~e § 
1 6008! ' ..., .......... ; .............. : .......................... ~ .... ...... ....... ... .l.. ........... 1 .................. ..! ........ ... f... .. .... ~ ............ L .......................... : ........ w.~+J. ..... ~.l:!..?t.+ ~.$. ...... . i;o/'-' ~QO¥'/ trOOW iLeaves 4 . 18 ' 50 30 i 5500 ; 0.009 : 2,09 ! 1,25 :230 ! 270 ,1000 ! 3500 1 0.077 . Hanging- : 
: .. 60l0 ... .. L.~/. .!. '," ... . + ............... : ......................... ) ...... ................... !.......... .. ·t· .................... j..... "'(ai' . i' .. ins .. y ...... · .... ·r·· .... · .......... · .. · ..· .... ·i· .... ··Wg,;L.J. .. ... G.h~1~.$. ......... . : 
: 40/ 1190N /350W Leaves 1 3,81 , 20 ! 190 ! 6500 0.003 1 0.76 : 7. 3312tr7 : 75 ,1200 i 4200 : 0 , 018 I Footwa11 : 
1 22 ' ;! ' ...... ~ ................... L ............. . ~ ............... .t ....................................... . ~ ...... ~P:~J.:.~.~ ........... ; 
. '''' ,_., ......... .. ... - . . . . ... ... ....... •• • .. •. -_ . , ' • .. . ....... . . . . . . .. ..... .. , . . ... "'0 ' " ... .... . .......... ....... .. .................. . 
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The majority of the Lode Area samples, (Table 11), 
were collected from the hangingwall shales to the west 
of the main mineralised zone . In spite of the compa-
atively high copper contents in the underlying soils, 
the level in the plants exceeds the threshold in only 
one sample. Host samples are alRo low in lead, but at 
the higher soil lead contents some indicate uptake of 
this metal . In contrast, however, the results for zinc 
are all above the threshold value of 220 (13) ppm and 
the copper : zinc ratios well below the mean background 
value of 0.44. 
Only two samples have been analysed from the Turkey 
Creek copper showing, (Table 12) . The level of copper in 
both samples exceeds threshold, though the enrichment is 
less marked than in the case of zinc in the Lode Area 
samples. 
This is further evidenced by study of Figures 31 and 
32, where the metal contents in the plant ash and oven-
dry material have been plotted against the metal contents 
in the underlying soil . It is apparent that the level of 
zinc in the plant increases at a faster overall rate with 
increasing zinc conc~ntr.att6ns in the soil than is the 
case for the other ore-metals . Both the copper and lead 
0urves indicate inflections, most striking in the case 
of the latter metal . This suggests that little increase 
in the plant lead content takes place up to a level of 
I 
I 
, ' 
- 202' -
Table 12 !!'.!.9J.lia Pungens. Analyses of Plant Samples from Turkey Creek Area, Dugald River. 
Un-milled, dry-ashed material. 
- .. 
No. ~ LOcality 
... ~~ - .. 
30/ i 
6493 /830N /200W 
30/ : 
6527 i 840N /200 i'l 
: Part 
of 
: Plant 
I Leaves 
" 
% 
Ash 
. . . 
: 
2.56 
I 
I 
3.02 I 
. ppm of Ash 
'.- _._-.. . ... ' ............ . 
Cu Pb : Zn 
Cu/Zn 
Ratio 
.... . .. ...... _. - ~ .. . 
I 
475 25 ! 130 . 3.65 
215 ". 25 30 ! 9.16 
ppm of oven-
dry material 
: ............. _.:' ..... , ... 
Cu i Pb ; Zn 
.. ' . I .. 
. " i·.·· .. 
ppm of soil 
(4-6 .. . ~s.!. ................... Cu/Zn 
Cu Pb Zn : Ratio 
-::: .. 5 125 55.0 
8. 30i ';;·1 O. go I 5600 <·. 5 100 56.0 
Rock 
: Type 
Copper . 
:-stained i 
shales 
" 
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about 600 ppm in the underlying soil. Above this point, 
however, the concentration of lead in the plant seems 
to increase very rapidly over a comparatively small rise 
in the level in the soil . 
Discussion 
~- -'-' .. _' - _.-
Field observations indicate that h..p.u!lgens tends to 
avoid thOS8 areas of very high ore- metal content in the 
soil. The analyses indicate, however , th~t it is capable 
of withstanding appreciable quantities of copper, lead 
and zinc in the rooting medium, and that increasing soil 
metal contents are reflected in the plant . 
If we assume equivalent concentrations of the ore -
metals in the soil, the metal contents in the plant 
decrease in the order zinc, copper, lead . As indicated 
by Figures 31 and 32, this order is identical to that of 
the overall rate of increase of the three metals in the 
pla.nts, though at the higher soil-lead contents, the 
rate of increase in this metal takes place at a faster 
rate than that for zinc . Generally speaking, however, 
zinc is apparently absorbed at a more rapid rate than 
copper, which in turn shoVlls a higher rate of uptake 
than lead. It is interesting to note that the order given 
agrees with that for the mobility of the three metals in 
the soils of the Dugald River Area, (Nicolls, 1964). Thus 
variations in the mobility of the metals in the substrate 
is apparently reflected in their rate of uptake by plants. 
i I. 
I 
10,0 
.::: 
III 
~ 
.... 
~ 
q 
-~ 
~ 
~ 
-E 
~ ~I 
.:; 
-.... 
~ 
.:: 
! 
6· 6 
I 
o 
J 
~ 0 /1 
~ 6 I / 
O 0 //// cP 0 _r o __ 0- -0 I 
o - -,..;::;;.;cr I 
-- ~ 0 
-0-- 0 I 
o 
6 '0 
o 0 " I 
o I 
I 
LeAd 0 / 
-~ o--«x)()--=-=--0--00 /'" 0 
o COfiIP'EA 
o LEAD 
A ZINC 
10 lOO lotIt ,.. IO.HC1 
MrltJl (tmt,nt (in ppm) (Jf 6~il at -#-6 inrltn 
Fig. J1. Graph of Cu, Pb and Zn Con ~nt in the ~.h 
of Leaves of Triodia pungena against the 
Cu, Pb and Zn Content in the Soil at 
4-6 ins. underlying the Sampled Plants. 
TRWDIA PUNGfNS 
• 
'
,/ a 
a . 
a a aa--
__ ._ - - Cc""cr - -
- . 
a 
.. a e ) 
e - e --M__e--
• a 
.... 
-.-... -
, 
/' 
,/ 
"" 
• COpp(P 
e LEAO 
.. ZINC 
O'I~-----------------TIO---------------IT~---------------I~~--2~~~------~'O~.O:O:O---~ 
Mnal ttmt~nt (in I'pm) of soil at "1-6 inch~s 
.Pig. 32 . ' ra ph of Cu, Pb and '2n Cor.tent in o v .. n-
dry Leaves of Triodia pungens a~ain st the 
Cu, Pb and ~n on tent in t he Soil at 
4- 6 ins. underlying the Sampled Plants. 
- 204 -
The inflections in the curves, most striking in the 
case of lead, suggest that the rate of uptake by the 
plants is not identical at all levels of soil metal 
content . This could be related to variations in the 
mobility of lead and copper, or to a suppressive action 
by the plant at the higher soil concentrations . As dis -
cussed later in this section , however, probably the most 
l ikely explanation is that the plant has evolved a sepa-
rate ecotype, which, by its ability to absorb large 
amounts of copper and lead, is capable of surviving on 
soils rich in these metals. 
( c ) ~iogeo...~_hemis_t.J''y __ of . . T.e12):lr .o_si_a. §J2..._ n.oy....!.1 __ LDu.K.a)~.LIh 
~\1J{cjDUJl_1J 0_. .5~ 
As described in Section C, this species is common 
over both lead- zinc and copper deposits in the region, 
but also has a scattered distribution in areas not ~nown 
to be mineralised . ~epresentative samples from these 
three types of occurrence vlere collected and the leaves, 
stems , and where possible the flowers and fruits , analysed 
separately . 
The results from the Lode Area are indicat in Table 
13 . In this region of lead-zinc mineralisation attention 
naturally focusses on the plan'c uptake of these metals ~ 
but the analyses for copper also indicate levels which, 
in most cases , are above threshold . This contrasts with 
the findings in .T . punAeps, v/here the copper contGnt 
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Analyses of Plant Samples from Dugald River 
3651i /385 \1 
10 __ .. •. ___ •• _ ..... - .. 
- 2 -
! ; ··--·,---· .. -·-··1-------·--····--·---··----··-·-·-·-...... i-... _ ... - .... - .. .......... ...................... _ ....... - ...... -r ............. -.. ........ - .... - ..... -......... -_ ........ -.... -.... . 
Part I I ppm of oven-dry ppm of soil i I 
of i" ppm of .:: sh _·_1 CU/Zn materia~. ____ .. _._ Ci-;6inS2--.-... _._ .. _ ... _J- Cu/Zn Rock 
_N_o_-+L_O_C_al_i_t.::...y __ t-_Pl_an __ t--t_A_Sh._t--C_u .. - . -. Pb .... l-.. _ Z.~_I .. _g~~ _._~.~ ___ .-1b __ ....... Z~.. ._ C\L .... L .. y..Q .... _L. ..... zn ......... I __ .. Ratj ... Q. _.. --ID_e. ... _ .. __ ._._ ... 
Leavel: 6 .55 1~ .... _L~~._ .. _8_0_0_0~024 _ 12;45 d 557 70 11200 2100 1 0.033 ~1~~~: 
::::~~~~ -~~; -~~~-::;;t-~: ~~:l~~~; t;,;§ :;;_ 140t 22; 2780 0 .05 --~Od:--'--"" '-"'-
1--_-+ _____ -+--'O.stems __ .... ..3 , 53 170 30 15000 1_...Q. .• 0~l:_+.~ .1_? 1. O~ .. t-5_2_9--+ __ '1-
40/104 3850
N 
/900
W 
Leaves 8 ·79 120 L'-10 --4.?Q2 ........ _.Q .• g.?:.I. .. I-___ ~9_ . .2.2 . ..=1-__ ....... ~_9..2.._. 45 . ...j.---_ .. _. __ ... .. . 
40/105 39 trON /1100" 
40 3810 0~012 Footwal1 
shales :::::~ -!~ :: 1:: ~ ~~:- ::_:~ I' :: :: -; ~-~:_:' -2~u --~~~---;;~o~~~ -· ~~g~~-~ --- I 
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I i 
-E!:.uit§..-1..38 1754!..50 2400 .. _9.. .073 ._~.68 .. ~J05 .... i 
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~ ___ I--____ -t .. _~!em~._ . .1.. 78 70 L10 .l-.§-2Q9 __ f--.9 ..  Q.o4 .. .1J §.1u ~J: .. _. ~_~L .... _. __ ~.__ _. __ ......... _ "_"_'''_''''''''_'' _ ..... __ . ___ ._ .. _ .......... 
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wall 
shales. 
40/116 5700N /920\1 I Fruits 4. 20 175 <'50 729.... .. .. Q .• ~3 __ I. 34 _.::1._._.. ..~_~,? 700 60 2300 0.30 Footwal1 
shales. Leaves 6 89 185 ~10 6400 0.029 12 74 .::. 1 440 I-----t---JI'---=-t----...::......t---=:.-=--t--.: . ..:...::... ___ . ____ .. _ ....... ~ .. _ .• " ____ ... . 
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___ ...... t... .• _ . __ ._"_~ .... ~, .. ~ ". __ ._" ... .. _. ___ .. ___ . 
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in the Lode Area samples rarely exceeded the anomaly 
threshold . Moreover, the soils underlying the latter 
group of samples are, in general, richer in copper than 
those of the J_eph~o.§j.§: sp . nov . samples . Hence the latter 
species sho~s a higher degree of copper enrichment than 
·r . J2~E.&.e_ ns • 
The lead values again remain nt the lower limit of 
dete ction in the maj ori ty of sc:mples, but the level of 
zinc is considerably above the threshold value throughout . 
Likewise, the copper: ,~inc ratios are appreciably oelo,,"\{ 
the mean background value of 0 . 44, (Table 8) . '.fith the 
exception of the sample discussed below t the level of 
zinc in the ash of the leaves and stems is above that in 
the underlying soil. In contrast, comparison with the 
resul ts for .~..!... ."p_~l}Kc.n_s_, (Table II), sho\,/s that in this 
species the maximum zinc content in the ash of the leaves 
is of the same order as the highest value in the associ-
ated soils . It appears, therefore, that ~~p~o~ia sp . 
nov o will absorb a greater quantity, not only of copper 
but also of zinc, than f:' .•. 'p.unge_n~ when grmving in the 
same locality. 
In sample 40/79, however, the concentration of zinc 
in the underlying soil exceeds that in either the ash of 
the leaves or stoms of the plant. This salTIple was collec-
ted from a plFtn t groi;·ring in a small gully carrying zinc-
rich particles away from the Lode . Hence the near- surface 
soils at this locality arc probably richer in zinc than 
- 2C7 -
the deeper horizons at which the plant roots, (root 
penetration of up to 2 ft. along the bedding planes of 
a shale was observed in this species) . This may explain 
the disparity between the ratio of the zinc content in 
t he plant to that in the soil in this sample compared 
with the remainder from the Lode Area . 
Analyses of thi..., species from plants growing in 
alluvial soils provide further evidence that it obtains 
the bulk of its nutrients from the deeper soil layers . 
Samples 40/81, 102 and 25 \'!ere collected from shrubs 
g~owing on coarse alluvil~ on terraces flanking the 
creeks which traverse the Lod0 zone . This naterial is 
largely derived from the barren Quartzite Range, and 
hence is low in the ore-metals . In spite of the comp~ra­
tively low 7inc values in the near-surface soils , the 
pl ants all indicato very high enrichment in this metal . 
Thus the plant analyncs from these areas confirm the 
presence of the Lode at depth, even though it is not 
exposed on the surface . ' 
The two samples of living material from the Turkey 
Creek Area, (~abl~ 14), collected from the malachite-
stained shales, indic' to above-threshold values for 
copper . The results are in moet cases higher than in 
the .f . pun:gens. samples from this ar""8, (TFl.ble 12), even 
though the latter V18re collect8d from soils richer in 
copp~r . The sample of dead stems of ~eph~~sj~ sp . nov o 
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Table 14 ~ ~_e:Rhrosia sE.!.nov . (Dugald River r·Ir1C/DMJP No . 5) Analyses of Plant Samples from 'Turkey Creek Area, 
Dugald River . Un- milled, dry-ashed material . 
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from this locality, however , contain a much lower 
copper content, though the concentration of this metal 
in the underlying soil is of the same order. Thus the 
level of copper in the plants apparently decreases as 
the plant dies . Zinc is also present in anomalous amounts 
in some of the samples , reflecting the enrichment in this 
metal , though to a lesser degree than that of copper, in 
the soils over the mineralised zone . 
The distribution of ~r..~..E..1)._ros.i~ sp . nov . in arop.s not 
known to be mineralised, and the results of the geochemical 
traverses at several of the areas of occurrence, have been 
described in the previous section . The analyses of several 
samples from these 10calitieG are indicated in Table 15 . 
Sample 40/149, collected from the shrub occl.~r.L·en ce at 
9000N/400W , (Fig . 24), contains anomalous concentrations 
of zinc , although the values do not approach those in 
the Lode Area samples. Moreover, as indicated in }:'igure 
26 , the geochemical traverse at this locality defines a 
small zinc anomaly in the underlying near- surface soil . 
This occurrence lies at approximately the same strati-
graphic horizon as the Lode, which apparently lenses out 
some 3000 ft . to the south. In view of the anomalous zinc 
contents in both plant and soils, however , it is possible 
that the shrubs mark a lateral extension of the zone of 
lead- zinc mineralisation . 
Further north the shrub was found at I8700N/2000E 
· 2 ~. 0 -
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on a brop d, low-lying interfluve veneered by sheet wash 
alluvium. The soils at this locality contain anomalous 
concl.n·tra"tLons of copper, (Fig . 28), r:hile proi iIe 
sampling indicates that the copper content increases 
with depth. The plant samples from this locality, Nos . 
40/I45, I46, and I47, however, show little evidence of 
copper enrichment . The level in the plant ash, with onc 
exception of 90 ppm, are all below-threshold, though on 
an oven-dry weight basis the majority of the leaves and 
stems contain slightly anomalous copper contents . 
The two samples of dead material, Samples 40/152 ana. 
24, were collected from coarse quartzitic debris con-
taining low amounts of the ore-metals . l.lhen expressec'. on 
the ppm ash basis, thc copper values, and in Sample 
40/I52, the zinc content, are above- threshold . On the 
oven-dry weight basis, hovTever, the copper contents in 
the two samples approximate to the threshold value of 
4 ppm, while the level of zinc is below the threshold 
value of I3 ppm. 
The rolationship between the ore- metal content in 
the plant and the concentration in the underlying ne2 .. -
surface soil is.: indicated in Figures 33 and ::>4 . As ,vas 
the case in .T.t. 'p]11?-g9_l')._~, the concentration of zinc, copp8r 
and lead shows a general decrease in the plant in the 
order named . Similarly, the curve for zinc indicates a 
more rapid ovorall increase in the plant with rising 
JO,OOO 
10,000 
2,000 
:x 
VI 
-< 
... 
o 
1000 
. JOO 
I 
0.: 
0: 
Z 
~ 
Z 
... 
~ 
z 
o 
V 
..J 
~ JO 
w 
~ 
.to 
TEPHROSlA SF. Nov. 
1 j 00 o • o • 
P' <>-0_0 0 .1 
-_----i Pb. in ItAVlS And ,ttmS o 
10 100 1000 2000 
MlT"'L CONTENT IN P. P. M . OF SOIL .... T +- 6 IN'HfS 
i:> 
• 
LfAVE~ 
o COPpeR. 
o U}.O 
i:> ZINC 
STfM5 
---.-coPPER 
• LEAD 
.to ZINC 
10.000 
Qrapb-of Gut fb-"1IIld tD Cont.Dt 1ft 'he Aah 
of Leav •• and Stem. of !'R~a1' .p. DOT. 
sine. the CUt Pb and Il onEen' in tie 
Soil a' 4-6 iD • und rll1ng \ba onmpled 
Plants 
1000 
'.!! 
VI 
'< 
III 
.. 
:r 
\!IlOO 
W } 
)-
et 
o 
"Z 
~ 
.. 
z 
« 
-' 
Cl. 
u. lC 
o 
~ 
c.: 
cL 
! 
I-
Z 
w 
I-
2: 
8 
.J I 
~ 
III 
~ 
A 
C>. 
C> 
~1... ~ 
C> 
"" 
... 
C> 
I 
0 
I 
I 
c 
I1 
A 
C> 
.to. 
C> 
LeA\ E ~ 
o ( ...... ~ f"E. 
!) llA _' 
L.l z ; :--':c; 
5TO~S 
U C0Pi'E 
• LEAO 
... ZiNC 
Col+---------------,---------------,---------------~--~----------r_--------
10 loo 1000 2000 10.000 
MET" .. CONrENT IN P. P. M . OF SOl .. AT -+ - ,; INCHE) 
l~r~p of 'v U. ,0 !1nd 41n " olltent ln ovt;o-dry 
.... e~v(.. . an ~) tema of l' ej!h~")6ia t:ij). nov. °lgains i 
the Cu. J!b and un :on tent In 'tIt ~o11 ;I t ' 
4-6 ins. u (h .. r'lyin tlw ..Jtd:l~)tcd 1 allt 3 
- 21 '2-
concentrations of zinc in the soil thru1 is the case for 
copper or lead . At higher soil contents of the latter 
metals , however, the slope of the curves increase 
sharply, indicating a rapid rise in the plant metal 
content compared with that in the near- surface soils. 
In contrast, the increasG in the concentration of zinc 
in the plant shows a roughly linear relationship to that.; 
in the soil . Two grouping of the points for zinc Day be 
distinquished, corresponding to ranges of 20 to 100 ppI1l 
and 1500 to gooo ppm soil zinc content . rrhis refll~cts tl10 
habitats favoured by this species, i . e . in regions ,of 
copper mineralisation, or in areas not Imom1 to be mineral-
ised, where the soils are normally low in zinc , or on the 
~inc-rich soils in the vicinity of the Lode . 
In view of the small nUflber of fruits and flowers 
sampled , comparison of ~ct[1.1 uptake by the different 
, 
aerial parts of the plant centres mainly on the results 
from the leaves and stems. How,-,ver, the analyses , indicato 
that considerable quantities of copper and zinc may occur 
in the flowers and fruits also . . Thus in Sample 40/83, ' . 
(Table 13), thc copper content in the seeds exceeds that 
in any othor acrial part of this species from the Lode 
Area . ':hcre the soils contain r~latively high concentrat-
ions of this metal, however, as at Turkey Creek, then the 
fruits and flowors are loW' in copper compared with the 
level in the leaves and stems . Similarly , the flowering 
- 213 -
parts in those samples from the Lode Area are appreciably 
lower in lead and zinc than the corresponding leaves and 
stems. 
Reference to the graph of the metal content in the 
l eaves plotted against that in the stems, (Fig . 35) , 
shows that, expressed on the ppm ash basis, the stems 
generally contain higher zinc contents than the leaves . 
This is especially marked in those samples with higher 
values for the metal. The distribution of copper and lead 
is more variable, in some cases the leaves showing maximum 
enrichment while in others it is the stems. 
Since the ash content varies between the leaves and 
stems, comparison of metal content bet1f:een the two 
organs is more valid when the results are expressed on 
the oven-dry weight basis. In this case the majority of 
samples show maximum enrichment in copper and zinc in 
the leaves, while the distribution of lead shows no 
distinct pattern , (Fig. 35) . The variation in the level 
of copper between the two organs is especially striking, 
as evidenced by Figure 34 where separate curves have 
been drawn for the copper content in the leaves and 
stems compared with that in the soil . 
Discussion 
~---- .. -. - - ... 
The biogeochemistry of. Tephrosi_a. sp . nov . departs 
in several important respects from that of T. pungens " . . ' 
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In the first place, the samples of both leaves and stems 
of the first - named species from the Lode Area indicate 
appreciably greater enrichment in copper than the leaves 
.T~~r.~B.e!l.G . This has occurred in spite of the fact that 
the .r~ .•• p}lpg.e!l.s samples were, in general, collected from 
soils containing higher concentrations of copper than 
those of J'...§.P}l~l:o.s.t_a. sp . nov . Similarly, the samples of 
the latter species from the Turkey Area, collected from 
soils poorer in copper than the ,T,.!... pV.:.llK.ep_s. samples, 
show a greater encrichment in this metal . 
f~EPF~s~~ sp. nov o samples from the Lode Area are 
also considerably richer in zinc than those of J~~~ggens 
from the same locality . Thus the maximum value in the 
plant ash for the former species is approximately twice 
that in the underlying soil, while in the latter the 
two values are of the same order . 
On the other hand, the two species beho..ve in a 
similar fashion as regards the uptake of lead . In both, 
very little absorption of lead apparently takes place up 
to a relatively high level in the underlying soil. Comp-
arison of Figures 31 and 33 indicates, however, that lead 
seems to pass into the plant at n lower concentration in 
the soil in the cnse of .'l~~1g~_n§_ than in J_epJ?,1-:'o.§j._~. sp . 
novo Thus the inflections in the curves of the plant lead 
content : soil lead content occur at soil concentrations 
of 600 and 1000 ppm respectively. This suggests that 
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~_e..£.h~..?_~J-_8: sp . nov . can w:tthstarid high.e:i? t::1L#ve'I's ~·-6f· · ·l~ad in 
the soil than ~.~un~n~, a suggestion which is borne 
out by their distribution in the field . The former 
species also differs from ~u~~ps in that the change 
in the slope of the curve for copper is much more abrupt, 
(Figs . 31 and 33) . These variations in the rate of metal 
uptake by the different species are, however, more fully 
discussed in a later section . 
The oven-dried leaves of this species show a marked 
enrichment in copper compared with the concentration in 
the correpponding stems . Although the variation is less 
striking, a similar enrichment is apparent in the case 
of zinc . This agre es with the findings of Rankama~ 
(1940), who considers that the bulk of the metal absorbed 
by plants is carried upwards in solution in the transpi-
ration stream, and precipitated in the leaves where 
evaporation is highest . 
The same author has also commented on the decided 
enrichment shown by plant organs with small ash contents. 
This is especially marked in the case of the zinc ccntent 
in the ash of the Tephrosia sp. novo where the relations-
hit) between the metal content in the leaves and stems is 
- ... 
completely reversed from that obtained when the results 
are expressed on the oven-dry weight basis . Similarly 9 
the samples of dead stems from areas not known to be 
mineralised, (Table 15), where the ash content is 
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again low, show relatively high copper contents in 
the ash compared with the level in other samples iron: 
this type of environment . ~7hen expressed on the oven-dr 
., 
weight basis, however, the level in the dead stems is of 
the same order as that in the living material. 
"'hile the occurrences of JephrosiC! sp . nov. in rc:giolls 
::tp1"arently devoid of mineralisatirm may in some cases 
mark the site of minor zinc ~nd copper anomalies in th2 
underlying soil,plant analysis from these localities 
has only yielded above- threshold values for the fo~mer 
element . In view of the deep-rooted nature of this 
species, (Plate I6), und the observation that at one 
occurrence of this type the copper cont8nt in the soil 
increased with depth, one might have expected anomalous 
concentrations of thj.s metal in some of the samples. 
~'Ioreover , the evidence from the Lode Area samples 
indicatc..-'S that the plant gnins the gree.ter part of the 
absorbed metal from the deeper layers in the soil. 
It would seem, therefor2, that higher concentrations 
of copper must bc present in the substrate before this 
suecies wi.ll shov: signific.:ant enrichment than is the case 
with zinc . This agroos dth the evidence presented in 
the graphs of the plnnt metal content : soil metal 
content, (Figs . )3 and 34), and is probably related to 
the lower mobility of the former element compared with 
that of zinc . 
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(d) J?_i.Oge.9~llemis trY __ Q.f __  ~_o].x~.?:r.£.?-_~a_ &l_apFQ 
Representative samples of this herb were collected 
from the lead- zinc Lode and bordering shales, from the 
malachite-stained shales of the Turkey Creek Area, and 
-[rom an lm-mineralised locality in the C!uartzi te Range. 
The flowers, leaves and st3ms have been amllysed separat-
ely, (Table I6) 1 'while in some samples the stems have 
been further separated into young and old material. 
'rhe maj ori ty of the Lodc Area samples indicate 
qbove-thrcshold values for copper. Sample 40/I38 was 
collected from a zone of copper mineralisation in the 
hangingwall of the Lode, and here the old stems contain 
I300 (39 .6) prm cop~er, compared with a soil copper 
content of 5700 ppm . The various aerial parts of this 
sample show copper:zinc ratios approaching or above the 
mean background value of 0 . 44, but otherwise the ratios 
are generally well below this figure . Only one sample 
contains appreciable amounts of lead, though the majority 
indicate detectable concentrations of this metal. On the 
other hand, the zinc results are all well above the 
threshold level. 
The distribution of this specios in the Turkey Creek 
Area is restrictod to the copper-rich soils immediately 
overlying the main belts of malachite-s tained shales . 
'\':'hile all the samp10s from this area contain above-
threshold values for copp~r, the degree of enrichment 
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Table 16: Po1ycarpaea....Q1.~fu.. Analyses of Plant Samples from the DUgald River Area. 
Un-milled, dry-ashcd material. 
0" - ..... ~ ..... .... ; ........................ -.. -..................................................................... ............ __ ... -..................................... .. _ .............• -.......... ~., ................. -.. ................................................ _ .. .. ............ _ ............................ ... .... .............. - . ~ .....•...... _ .. h·········r _ ............... ........ .... ............... ....... T. 
: Part : I ppm of oven-dry i ppm of soil : ; 
i j 
~ No. ~ Locality 
i· ·· ......... : .... . .... S······· 
~ 40/ . 1710,/ 
l 71 : 270 ' 
: . 
! ~ 
i : 
.., .. -, .. . 1) I 40/ : 1150ul i 138 : 365 
. . ... ... ~ ... N 
30/ : 100\/ 
6018 : 370 
.......... .......• .... ·······N _. 
~ 40/ ; 4800\11 
: 112 : 1120 
! 
i 40/ 
127 
!. 
~ 40/ 
: 151 
: 40/ 
. 18 
'! _ ..... "N 
. 15,600'1,/ 
~ 1200 
! 
- . 
00/30S 
Turkey 
Creek 
; of : % : .. ~~~ .. ~f. ~.~ ................. : Cu/Zn : ......... ~_~~.~::.~~ ..................... .L. .... ~-~.=~ ..... ~.~} ........ : .......... .. .... .i Cu/Zn [ Rock : 
: Plant : Ash : Cu : Pb I Zn l Ratio I Cn : Pb : Zn i Cu i Pb I Zn : Ratio 1 Type ! 
.-~ .... .. ... -. " ..... or" ........ ,' ';'.... . .... ~ ...... , ............ , ................... ........... ; .......................... ~ .. , ................. ... ; ........ ·········1· ·······················-T······· ........•. 1'....... ........... i·· .. ········- ......... ~ ...... -........ ········t ·· ·· .. ······ ···· ··· ...................................... .. 
: Flowers : 3.39 ; 370 ; .... 10 ! 2 f 600 : 0~14 ! 12~54; .. -1 ; 88 : ! I . ~ Gossanous 
: -' . . : - . .--t - -! _. . ; ... . - ........ ~. - - . -.~ .. . ~_ · ·i···· ...... · ....... . ~ 1 i : i Leaves . 6.55 . 206 1 '::. 10 i 3,800 i 0~054 1 13~49i ":' 1 ! 249 ! 1 i ! shales 
•• ' " •• ,.- •• _. "-!,'~.' ' •• _ .. : ..... .... ...... . . . .. ,., ....... ........... i· ...... ·· .... ··_· ... ,.,.i .. .. ........................ · ........... ! :! i 
· Stems . 2:95 , 275 ; ,:' 10 i 1.350 : 0~20 i 8~11 : <1 ! 40 j 1: ! 
:'" ... ..: ..... ,,_ .. .:. • ..... -....... ~ ............................. ~ ...... .. .. ....... . ...... : ................. ) .... -.................... ~ ..................... j. ..... ! --i ' ..... ....... -................... . 
I Flowers : 4 .01 335 , 20 : 1.,200 : 0.28 : 13~43 i 0.8 i 48 ;5700 I 35 1 480 11.87 ! Copper 
1eaves ~. 6':Cn ~ 230 1· ... ·2o ····i· · ·i;266···j·· O·~·'i9········~·· .. i3··~· 9·6Fi~ .. 2i'~' ··7"3·  .... ······1 I vein ; '~~'~:~s ' :'2. si ' 500 :····· '15· .; "'i'~' 6'00" r"o' ~' 3i" ... ·;· · ··i2·~ ·55To·~ ·38T '-40'~i6"' 1 
Old -stems3 ·. ·o3 -: i3c5o~ ':.' :..~- ': T~· ~"O()'TO~' §·3 · · · -T···3·9· ~6····!~·0'~·6f! · ·· ~l2~ 70 '1 : . . i 
... ' •.. • . ... .• '. ..• . ,; - . ".- .. -.-- .. !, .... ' .................. ~ ................ ···· .. ·i .. · ........ , ..• +.. ... . ....... j ................ r.· .................... -! .... .... ........ ....... . ~ ..... ............ -.......... + ..... ' ........................ , .......... .. 
: F~0W.~~S .. :. ~~6! .. : ~6.~. ] 8y ~ '. s..1:.?~.7..~.~ ... I ... o. .:?~~ .. . t ...... :..; ~~. I. ~· ·~.~..l. .???. ........... : 500 ! 6000 i 10000 : 0.050 I Lode 
i stems 3.18 145 : 650 :17.500 : 0~008 : 4~61 : 2).66 · 600 i : : i ; 
_. .. - . . ... , . ·1··· ..•.. . ........ , •.. ...... - ....•... - .. , ..... .. __ ......... ...... ................••..... ..... : ...... - ........ ...... , ........ .... ·._ .... ·i ••.....••.. •....... +........ .... . ........................ . ...• 
· Flowers : 3.91 200 : 20 ;12,000 [ 0~017 ! 7.82 ~ 1 ;469 ~ i l : : Hangingwal1 
.. .. . .: ......... " ... ; _ .... '" . .; .- ..... ; ... ... • ..•....... ·····T ·· .. ........ ; .. , .... ...... . - : 1 shales 
' Leaves 5.71 : 70 "' 20 : 34.000 i O~002 , 4~00 :<1.04 . 1943 : 
' .... .... • .... I· • ..... .- •.•• , . .. ...... t .. • .. . ..... , • • • ) ..... '00 '_" ... . ... '~. - ..... . . ... ' -"'i" .......... ........ ......... .... . 
: Yo::ng : 2.61 ; 170 : , 20 142 .000 i 0~004 ; 4~44 ;::, 1 :1097 l 
· s ems . . ....... : ! ..........•.... l ............................. ... .. .............. i . .... ......... ...... ..... I ........ ........ : ................... ; 
, mastoms 2~73 ; 275 15 i 22.000 ; 0~012 ; 7.53 : 0.41602 : : ... i ... _.) .......... .. .... ..... ... l ................. .................. . : ' F10~e;s . 4 ~54 i ISO ' "s'o" i 1,,'000 : 0· ~·18 ······r .... · ·8 ·~ ·i7~· ·3 ·.63~· -45·~··4o r 15 .. ···: <:' 10 i 7.5 2.0 1 Bed of creek, 
._... . .. ... ... : .............. , .. ......... ~ .............. --! ........................... _ .............. -t· .. · .. ············t··············;.········_···········: . on quartzite 
: ... ~.e~~~~ .. ~.5 ~ ~.5 : ~?O.l ....... ~O ... ~ ....... ~.~? ... 1 ... ?. ~. ~.~ ..... ) ...... ~. ~. !..~f .. ~ .. ~ .~.~ + .... ~.~ .~ 3..3. .. i (str!eam s:~~~~) I rubble 
: stems : 2.58 . 230 ::: 20 ! 520 1 0~44 j 5.93!\ l i 13.45 1 I i 
••• ' --. .... ... J.. _.... • ....... - . ... . • •. ..... .. . ...... ........ _.f. " .. ' .. . ..•. _ ....... :_. .... .. .... ' t •• _ ........ . .. . ....... . .... ... 01 .. . .......... . ' •.• ~ •• _ .... ....... .......... ..... ................... .. . ....... . ......... "! 
: Flowers : 3 .76 ; 125 ~ "~ 10 i 700 1 0~18 : 4;701 ... 1 I 26,32 ; 38 i < 10 i 35 i 1.08 : Side of creek, : 
•..... .... . ~ .., ~ ....•. L . ...• .. ••. .... : ............. .. . ·t··· ..... ... ..... .. !.. ~ .... ... _.-;., '" . : ! qUQrt zi t e 
I stems 2 ~ 43 175 : (2;0 1 400 i 0~44 ! 4~25 i <' 1 ; 9.72 ; (surface soil) : 1 
I • \ .. .. . 1. 0 " ....... • ••• ~ • • •• ' ....... ,., ,. ~ ..... "" 'r ... ... ! .. . ... ........ i··· .............. ........................ . ............. - ...... ; .. .... ................. -.+ ..... , .............. .......... - .. 
: Flowers ! 6~42 ' 250 20 t 240 1 1~04 i 16.0511.28 : 15.41 i3600 i < .. 5 : 145 : 24.82 i Copperstained 
: .- . ,.. ,.. .., _ .... , ..... .. . l ' ............... + ..................... + ...... . :. .. ... . ... ... ······1 '. i ! shale s 
: stems ; 2 .11 , 350 :; 20 320 ~ 1.09 l 7.391 ( 1 6.76 : . i ! I 
. .. ' .. ... ... - ......... :- ... , ..... . ~ ....... .. .. - ........... _ ...... ;. - .. '''. .. . ...... ... . ... ! . ...... - ... ........ L ........... ..... '........ _ ... ... .... '_ . ........ . _ ....... __ '. 
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.. ....... . ........... ,' ..... ", ..... , ' ........................................... -......... " .... ...... ~ ....... -...... ~ .. ...... ........ ....... ....... ............................. .... : .... ...... ......... ..... ........ ....... .... .. ,. -... ..... ...... . ......... .. . 
Part ppm of oven-dry : f ' 1 nf A h : t ' al ; ppn 0 so ~ 
of % ppm v s Cu/Zn ; ma er~ 1 4- 6 ins CU/Zn 
No • Locality Pl811t ... !. ~.~h_ .... ~~:.· .. ··.j?~~.··:···'·"in · ... Rat.~~_ .. 1: ... :·?~.····.: :\.:~·.~·~~··. ·.I..::.~~·····.r: ... ?~·.~·~ ··.;· · ... ~~·.·.·-:·'I:··: .. z.!l.. Ratio 
~~> ··:·····~30N/200W Flov18rs ; 4 ~26 340 :140 1;0 j 14~48 i 5~95 l14.48! . : 
1171 I ~:;~y Leaves : 5 ~ 51 ?)?~·::;:5<· .. _ .... ..·.~:<~:·:·.··: :· .. ·.·I ·~.?>~~· .. J>: ; .~·3.···r.~.3 ·~. j :~ 1 6800 <". 5 
.: : steL1S <+ .30 .1300 ,: .. 25 180 , 7.22 j 55 . 9 ::.1.07 : 7.74: . 
123 55·0 
I i~,i : ····~~~~~90\i· i ~~~~'~~~ ' :.4. 90 , 250 : 2~ ; 2_20 l- ~-')·, •. r12.25r; i Ti9:7_71····· ·l/- ...... ...... ~ ............ . 
! Crook ; LonvcG ~,.~3 ; ~00 .. :.~ .... 5 .. :.~.5.5_1 ... 1~4.~ ... .L.8 ... 88., ... 1 ..... j_'.~. 1 .. 3.3..f 6000 : ·., 5 123 48.78 
Copper stained 
shales 
Copper stained 
shales 
; i i S t OLlS i 2. 66 : 285 <.' 5 : 125 i 2;28 ! 7;58 '::.' 1 : 3 . 32: : 
1'40 i 'T "S3'C;H /190 n'!' Fl0',·,c);·'~'~ . 4 . 3'8';' i7'O' 100 ' ;"'280- ... : .... 0 ,·60-·······,···· .. 7·:·44 ·. 4 · ~· 38-T i2 .. :·2·6r·-·· ·_·····r .... -.. -.... ~ ... - ··- · · ·· ···-·-·····t-·c-~;;~·;·~·t~~~d : 
l72 : ~~~~y : Ie~vC?~ !.G37 :·;J~' <;5" " ;60'" 0 :00 : ~~~h~ ·. ~~ G':·Ti.6· . 56 l h()00 ~:. 5 l23 1)8.78 shales : 
st ems , 3.34 . 615 : 35 .. 21'0 . 2. 93 '''r 20' ~' 54' i.J G ; i'r 01; 
............. : .... - ............. _-., ........... - .... _." .... ...... .. .... ............ ' ... ; 
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is generally below that for Tephr~~i£ sp . novo in spite 
of the fact that the latter species avoids the regions 
of maximum copper stninin~. (P12te 18) . Cor11)'-'.ri~}()r~ 'Jf 
the copper values in !?...:..._E:.lp-..b£.8.. with those of .f-.-J?..u.!.lKe..!Jl3. 
from the Turkey Crook Area , (Table 12), indicates that 
the general level tends to be slightly higher in the 
former species . Several of the samples also contain 
above-threshold values of zinc, reflecting the minor 
amounts of zinc, ns evidenced by the geochemical resul~e, 
occurring with the copper mineralisation . The comparativel: 
high lead concentrations in some of the plant samples 
are less easily explained, hOlvever, since the goo chemi cal 
analyses indicate that this metal is virtually absent 
from the soils of the area . 
A similar anomnlous situation occurs in the two 
samples of !.?~l.ap_r.::-:: frem the Quartzite Range, Samples 
40/27 and 151, (Table 16) . As described in the previous 
section, the plant occurs along several of the creeks 
draining this un-mineralised formation. The stream 
sediments and surface soil underlying the plant samples 
arc consequently low in the ore-metals, but in contrast 
several of the Acrinl parts from the two samples contain 
anomalous a.mounts . The enrichment in lead and zinc is 
most marked, the flowers of one sanple containing 80 
(3.63) ppm lead nnd 1000 (45.4) ppm zinc, compared with 
levels of (10 and 7 . 5 ppm respeetively in the stream 
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sediments in which the pl~nt was rooted . 
It is interesting to note, however, th8.t in spite 
of the variations in the copper and zinc contents between 
the two samples, tllG copper: zinc ratio for the flowers 
and stems remains the Game in both samples . Mo reover, 
the ratio in the stons is eqwll to the mean background 
value . Thus in these semples the ratio of copper to 
zinc in the plants ShO\ffi Cl closer correlation with the 
baclcground concentrations of these metc.ls in the substrate 
than do the concentrations of the individual metals in 
the plant s . 
The distribution of tbe ore- Detals \nthin the aerial 
parts of ~...Kl.0bra shows \vide variation . It will be 
recalled that in f2phr9~5Q sp . nov o the highest concent-
rations of copper and zinc normally occurred in the 
leaves . Lead was more variable . In P . glabFa , however~ 
the results indicate that all parts of the plant may 
contain l arge amounts of ore-metE!.l, and that the distri-
bution within the plant varies according to the concent-
ration of the indidiv~ual me tals in the substrata . At 
lower lcv01s of soil copper the higher concentrations of 
this clement occur in "the flowers~ while as the copper 
content in the soil increases the stems show maximum 
enrichment. Similnrly, in those samples from areas of 
low soil zinc content the flowers generally contain the 
highest concentrati ons in the plant, whe r eas in the 
- 221 -
samples from the zinc-rich soils of the Lode Area the 
maximum values occur in the leaves. In the samples with 
detectable amounts of lead, however, the flowers almost 
invariably show the highest degree of enrichment in this 
metal . 
Discussion 
-- .... .. -.... _-- - - - ... 
rerhaps the most striking feature arising from the 
contents in the snJ'1ples from the un-mineralised 0uartzite 
Range . Also of interest is the high lead contents occurr-
ing in the Turkoy Creele samples, where the soils are 
very low in this metal. 
Theso dispnritics may be :r;elated to the fact that 
P . glabra is a perennial species, and hence over a number 
- - --_ . .- .. ---
of years the metal concentrations in the plant may build 
up to CL level exceeding th::-.t in shorter-lived· ,p. }~r;tt$ 0 A 
second possible explanation is that the species , initially 
adapted to growth in soils with toxic amounts of the 
ore- metals, (by an ability to accumulate large quantities 
of these metals wi thout injury), is nm'l in progress of 
migration to barren areas and has retained this charact-
eristic . This, hmvever, may only account for the anomalous 
metal contents in the Quartzite Range samples . Little 
evidence exists to support this hypothesis, but it could 
explain the distribution pattern of f_o.&labrp:', i 0 e o both 
in the vicinity of the ore-deposits and in lUl- mineralised 
areas. 
It is reo.liscc. th?. t r~si th'Jr of these explanation 
offer ?. really satisfactory explanation of these 
. 
E".nomalouG v[1.1ue8. Thc!'c is some evidence, hovTever, that 
these phenomon2 fY'.r:..y ~)e q characteristic of species which 
c;hoV! an acsociation v.ri th mineralisation . Thus, in their 
study of the veget~T.inn of the Kat3nga ore-deposits, 
Duvie;noaud o,nd J)eYl8.oyet'--dc,-SmE't, (I96 3), found that 
p~_~c..?:.. F.opy'p_s_ii De 'fild and O)-.BE _oP.t,u_s_i_f.oJi~ De Wild, 
cpecies present over copper deposits and here rich in 
this f1(;tnl, also contained nnomalous copper contents 
when occurring in barr'.:n rc~ions . No explan2.tion, 
however, was put forwnrd to account for this observation . 
The precise rc~son for the variation in the distri -
but ion of the ore-metals within the aerial parts of 
~_~_.E-J-p.p,:~,~ is also uncloar, rL'11e fact that the maximum 
value for copper is found_ in the stems, that for lead in 
the flowers and tho,t for zinc in the leaves contrasts 
wi th the findings for .T_GP)l,r.o_si~ sp. nov. He re both the 
copper and zinc maxima occurroo, in the leaves, \'"hile 
the distribution of lead varied . 
Moreover, at lower concentrations of soil zinc and 
copper ,i t :is tl'19 florrors \7hich generally shov'! the greatest 
degree of enrichment in those metals. Although it may 
not have a direct bearing on these vnriations, the 
investigation by Vlood and Sibley , (1949), into the 
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distribution of zinc in oat plants is of interest . 
These authors 8ug~eot i:;h .... ~t the dp,yeloping inflorescences 
may act as Cl. .isink·: :,:or z.inc . Considerable amounts of 
this l.1o tRl were found in the :['10\le::8 E1.S the oat plo.nts 
re3.ched r.J.o.turi ty . It GCC'I IIS possible that 8. simi18.r 
mechanism mny bo in or ::'::2.tioll in P . gln.br['~. , ['.nd may 
accoun t for the v::1.:~i[1·CioY1s in Jr.Gt2.l dis tl'i bution VIi thin 
the plant. Extensive e:;"""]JGrir.icntnl wor~( is required 
before these c~m be s[1.tisit:.ctorily explained, however . 
Compqrison with the results from the o.nalyees of 
T . pupgop~ from the Lode Area indicates that ~ __ , ~§br~~ 
shows a decidedly groater degree of zinc enrichment . 
The maximum value in the ash samples from this area is 
several times c reA:i:; er than the.t in the soils underlying 
the plant , whil e in T. pun~~~ the two values are of the 
same order . Zinc enrichment in P . glab~~ is also higher 
than in Tephr~si~ sp. nov . , but this species tends to 
avoid those regions of maxiln.um soil zinc content 9 while 
the former is apparently well - adapted to these conditions. 
The maximum ve..lue for lead is also higher in the 
species under discussion than in those described previ-
ously , but again the field observo.tions indicate that 
P . gla~ro. can withstand higher concentrat ions of this 
metal than the othors . In contrast, however, the L:......E.tabr..s:. 
samplcs from the Turkey Creek coppe r occurrence t end to 
be lower in this clement than the samples of Te~hrosJJl 
- 224 -
sp . nov . , in spite of the fact that the latter species 
occurs on soils containing low2r copper contents. 
Comparison with the; T. ~ung(;ns samples from this region, 
which here were collected from soils containing equivalent 
copper concentrations to the P . glab.:r:E!:. samples, indicates 
that the level of copper is slightly higher in the latter 
species. 
These variations between the meto..l uptake by ]?_~ K..lab~~ , 
and ~~'p_hro.§.iii. sp. nov. may in part be related to the fact 
that the forme;r is a herb while the l a tter is a shrub . 
Hence, the greate;r age of the materinl sampled in 
Tephrosia sp . novo probably accounts fer the; comparat-
-_._,----
ively high enrichment shown by the samples from Turkey 
Creek . Both species, however, apparently have the ability 
to absorb l arger amounts of the ore-metals than .'J'_::. 12unge;ns. 
This may form an adaptive mechanisD which allows these 
spe;cies to survive on the metal - rich soils over the 
ore-deposits, while T. pungon~ tends to avoid thorn . 
( e) B i_C? {{<:;.Q..9.~e;p1.i.s .tIY_ .. 0 f EXi Cl.. c}1p_e _ !l1.E2I .. Q.11.'?-j;..:::: 
This spe;cies forms the; dominant member of the plant 
assemblage over the; lead-zinc Lode;, and is also common 
in the vicinity of the majority of the copper showings 
within!, the area. It also occurs, though to a lesser 
extent, in regions 8.ppnrently devoid of mineralisation, 
but in at least one such locality the plant is apparent-
ly associated with anomalous copper and zinc contents 
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Table 11: . ~iachne mucrqh~t~ !illalyses of Plant Samples from Dugald River Lode Area. 
Un-milled, dry-ashed material. 
of % I .... _~~~ _O~ A8h ; Cu/Zn : ~~~~~~..:L -; - (~:~~s.) -! Cu/Zn j Rock 
No. ILocality ; Plant ; Ash . Cu Pb Zn : Ratio , Cu ; Pb : Zn , Cu i Pb j Zn : Ratio ! Type 
! .. .... _ ........ y ... _ .......................... ........ · ..· ...... j .. · .. Le·a:: .. ;: ·s· · ..·r· .. .. · ................. ; ... .. .................. ··· .... · ..· ........................ ·· .. ; .......... ··: ...... ·· ........ · .. r·· ..·· .............. ........ ··r· .............. ··y .. · .. ·· .......... · · .. ·; .... ··· .. ····· .. ··· ...... t·· ........ .. ···· .. ·+ .... ·· .. .. ···· .. ·t .. · ..· .. .. ·.. .. ......... :..... . ... ........ ........... ..... .. . 
! 40/12 !3050S/150W ! & i 2 . 6 85 <,10 : 480 : 0,18 \ 2,2 1/1 :12.5 : 750 I 10 220 : 3.40 : Shales with 
!. __ ..... _ ..... ····t············· .. s· .. ·· ..· ........ 'W' ·· ....... ; .... ~.~. ~~.~ ....... ','" .. ...... ............................... : .................... '1'" ........ ..... .. ........ ; ........................... L .. ~: .............. ~ ................. ....  ~ ................... ) .......... ... ......  ~ .... ............. ... : .............. ............. : ..... ~? s .~.~ ....... . .. 
!40/14 ,1600 /550 i a : 3.0 45 <}.5 1 850 : 0,053 : 1,5 :.< 1 ; 25.5 :1100 i 20 : 600 ; 1.83 ; Footwal1 
~ .... -................ ~ ......... -......... -............. -............... + ................. · .... ··· .... ·t ...... ·· ........................................... · ...... 1 ..· .. · ........ ...... + ....... : .......... ...... !.. .. ... - .... ..... .. ....... ~ .................. ; ..................... j .. ................... ~ .................. + ................... j""........... ........ .. .. .. .. .. -sha.-1·e·s ...... · .. .. .. 
140/ 1 1150S/430~v I " i 2.78 60 , <10 i 360 ; 0.166 ; 1.67 ; <' 1 :10.00 : 500 : 20 1 J.OO : 5.00 Schists 
1.:.~~ ..... ..  1................................................. ) ........... ................. ~ ................................................ · .... · .. · .. ·r ........ ·· .. .. ··· .... \I .............. .. .. · .... ·i· ...... ······· .......... ~ ... : .. ......... L. ................ ~ ..... .............. ~ ............ ) ................. L ... .......... .. .... .. .. :......... ............................... '" 
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in the lmderlying soil. 
Owing to the difficulty of separating leaves and 
stems in this species, these tno parts have bcen analysed 
together . At the time of collection the seeds had been 
shed, a.nd the small fraction of the anG-lysed lao..teri8.1 
comprised by the flowers can therefore be safely 
neglected . 
rii th the exception of Snmple 40/139, (Table 17), 
which vm.s collected from a zone of copper mineralisation 
in the hangingwall, the maj ori ty of the Lode Aree. samples 
contain lovl copper contents. Only in two samples do the 
values significantly exceed the thrsshold, though the 
majority of the samples were collected from soils 
containing compnrativcly high copper contents. 
Approximntely half of the samples contain detectable 
amounts of lead, a higher proportion than in those 
species discussed prevously. Zinc is present in anomal-
ous quantities in all samples, but the enrichment in 
this metal is le8s striking than in ~"s?Lh.r_o.s_i_a. sp . nov . 
or !, __ ~_..r-;lab.r.§:. . In these species the maximum values in the 
ash was soveral times that in the soils underlying the 
sampled plants, while in ;S_. _m~_op._~t.a the reverse is 
the case. Hence, in this respect, the zinc uptake in 
the latter species is closer to that in f-!......E.~nge_ll.~. where 
the I:':inc maxima in the two media were of the same order . 
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The two samples from the Turkey Creek copper occurrence , 
(Table 18), contain below threshol'd ce~pper eontents, ' .:.') :" "] ~ ; 
though the copper:zinc ratios in both samples are well 
above the mean background value of 0 . 44 . The level of 
copper contrasts markedly with that in Sample 40/139 from 
the Lode Area , where the plant contains 1500 (56 .8) ppm 
compared with a soil copper content of 5700 ppm. Zinc is 
also low, and in this case the values are appreciably below 
the background ~evel of 120 ppm . 
The reason for these low concentrations of ore- metal, 
especially striking in the case of copper in view of the 
very high copper contents in the underlying soil, is 
unclear. L10st of the samples were collected towards the 
end "of the dry season, and it is possible that in the 
Turkey Creek samples dessication vas more advanced than in 
samples from other localities. As we have seen in Teph,rQ§iA 
sp . nov . , the copper content in plant material apparently 
decreases as the plant dies . Thus a similar process may 
have taken place in the ~_._ ..!D-..u.c.ro_n..?-ta sa'1lples from l.rurkey 
Creek . 
The analyses of :E...!-_m_u.cx.o_n.aj;..?:, from areas apparently 
devoid of minerali,sation are shown in Table 19. None of 
the samples indicate significant enrichment in the ore-
metals when expressed on the oven- dry weight basis, though 
several of the copper and zinc values are slightly above 
threshold in the case of the ppm ash figures oMoreover , 
228/229 . 
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the soils underlying Sample 40/160, collected from micace-
ous shales near the south end of the Quartzite Range, 
(Fig. 24), contains a slightly anomalous zinc content. 
More extensive geochemical investigations have been 
carried out at the two other plant occurrences . The traversl 
made across the zone from which Sample 40/150 was collected 
indicates no metal enrichment in the soils underlying the 
plants, (Fig . 29), and the sample contains low levels of 
the ore-metals . Sample 40/154 was collected from the occurr-
ence on the Mt.Rosebee fault line, where the geochemical 
results indicate relatively high copper values and smaller 
amounts of zinc , (Fig. 30) . The plant, however, contains 
only slightly anomalous concentrations of these met~ls in 
the ash, while on an oven-dry weight basis both results 
are below threshold. Moreover, the copper:zinc ratio in 
the sample shows little departure from the mean background 
value of 0 . 44. 
Comparison of the ore-metal contents in the plants with 
their concentrations in the underlying near-surface soil, 
(Figs . 36 and 37), indicates a similar relationship to 
that found in ~~hr2sia sp. novo The level of zinc in the 
plant shows a roughly linear increase vith rising soil zinc 
contents . As in the latter species , the points for zinc in 
h_m]-l.cIQ_n.a,t§1 show two groupings, corresponding to ranges 
of 25 to 600 and 3500 to 65000 ppm in the soil. Again the 
groupings are probably related to the sites occupied by 
70,000 
10.000 
2000 
1000 
! 
i lOO 
ERIACHNE MUCRONATA. 
o 
o 
~ __ c_c-
o 
o 
o 
o 
l.44C ~--O-O-o-o-O 
o 
o 
00 
o COPPEA 
o lEAD 
Il. ZINC 
1+-------------~------------~------------~--~--------~--------~ 
, 1. 100 1000 '000 10.000 70, 
Fig. 36 
~ITAL. c'*~ 'N ~~.M. 0" SOIL. AT 4·6 ''''C:"&$ 
Graph of CUt Ph and Zn Content 1n the Ash 
orLa-ave1r+ 'Stenia of Erlachna mucronata 
against the Cu, Ph and Zn Content in the 
Soil at 4-6 ins. underlying the sampled 
Plants 
1000 
'" Vi 
0( 
cO 
I-
;; 1 00 
I-
Z 
« it 10 
u. 
o 
~ 
Cl: 
c.: 
! 
l-
X 
'" ... 
:l 
8 1 
~ 
~ 
... 
.. 
t 
fRiACHNE MUCRONATA 
• 
• 
.... 
• 
• 
• • 
IJ 
• e • 
.-. 
_.--!!II-- . 
• 
• 
-,,--,.-e-e-e 
• L,Ad 
• 
... 
.""c. 1.,' 
• 
• 
• ~Co~::':"--T 
• 
• 
.... 
I 
• I • 
J 
I 
I , 
-, 
I , 
I 
I 
I • COPPER 
• LEAD 
.... ZINC 
0,1 +-------l:"!:O-------~OO:------"':'I::.OO::O-:-200~O ----::'0:":.0::00:-----;;70.:":0:00:1 
, METAl. CONTIlNT IN ~ p.A.! . 0' SOIl. AT ... ·6 IIolCHU 
vraph ,t CU, ~b &ld Zn Content 1n oven-dry 
!leav. s + SteMs of ",rltChne muorqna't agalnst 
the Cu, tb and Zn con ani In the '0 I llt 4-6 
lna. und~rlylng the 8ampled ?lante 
- 231 -
the species. Both the copper and lead curves indicate 
marked inflections . In the case of the former the inflection 
occurs at a soil copper content of 3000 ppm, whereas in the 
latter it takes place at a concentration of 1500 ppm lead 
in the soil . 
It is apparent from its geographical range, and from 
the geochemical results indicated in Tables 17 and 18, 
that E . mucronata can ..,vi thstand extremely high levels of 
the ore-metals in the underlying soil . In comparison to 
Tephrosia sp . nov . and P ' .. Kl,,§,PIa, however, the plant shows 
----.--
a lower degree of zinc enrichment, though copper and lead 
can attain relatively high concentrations. vVi th the except- "I 
ion of the sample situated directly above the zone of copper I 
mineralisation, however,. the Lode Area samples generally 
I 
contain below-threshold copper contents, whereas in 1'eJ2hro_s_i· 
I 
Spa nov o the majority were anomalous . 
The lower tenor of the copper and zinc enrichment in 
the species may be related to the fact that it is a semi-
perennial, while both T..§J2..h.rg_~.i.a. Sp a novo and P . g..1?-..bI.§. are '/ 
perennial species . Hence the material sampled in the first 
species will be of younger age than that collected from 
the perennial plants . Assuming tne same rate of metal 
uptake by all three, it is apparent that the greater age 
of the material sampled in the perennial species will allov1 
a higher degree of metal enrichment . 
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Comparison of the results obtained from the analyses 
of !.:"-p_u.n~P..f3. shows that :;~_m.:u_cEo!.l.5j;a rIay contain appreci-
ably higher quantities of the ore-metals. In the caSe of 
zinc, however, the metal content in the plant ash does not 
exceed the level in the near- surface soils underlying the 
sampled plants, and in this respect the two species are 
similar. The aerial parts of T. pungen..s. are relatively 
short-lived also, growth being renev"ed e8ch year v1hile 
the older materiRl dies off. Again, therefore, the aerial 
parts of this species will be of comparatively young age. 
The inflections in the curves of the copper and lead 
contents in the plant compared with that in the und8rlying 
soil occur$ at a higher concentration in the soil in this 
species than in .?-~ Jl~m€:..ep..s. or Tephrosi.a. sp. nov. 'rhis 
suggests th"tt E ._ El..!~c.r.o.n.8._~§: can 'Ti thstand higher concent-
rations of lead G.nd copper in the rooting medium than the 
other speCies, a suggestion borne out by their distribution 
in the field. 
The geochemical investigations indicate that the distri-
bution of this species in areas deVOid of mineralisation, 
may, in certain cnses, be related to anomalous concentrat-
ions of copper and zinc in the ~~dcrlying soil. Analyses 
of the plant from these nrecs gave relatively low values 
for the ore-metals, however. In this respect, ~~~ucro~~t~ 
resen:bles Je.p..lg'osia sp. noy ., where again specimens from 
this type of occurrence showed li ttlc significant enrichment 
- 233 -
I 
in the ore- metals, particularly in the case':of~' c oppe.r-i. - Whi l e! 
occurrences of both these 8peoies in areas not knolftm to be 
mineralised m~y indicate meta~nriChmcnt in the substrate, 
therefore , a better estimgte of the tenor and character of 
this enrichment is gained from soil analyses . Nevertheless , 
by pinpointing the site of these favourable zones, the 
species could be of considerable value in narrowing the 
scope of geochemical prospecting . 
(f) :13iogE~".o"~.h.e!!i.i_s.tFY .. (Lt ;?~u.l:!?_oi3_tyli§_ .b_2:.rpi:'-j;_~ 
In view of its relatively sparse distribution, both in t, 
vicinity of the orc- deposits and in un- mineralised areas, 
re l atively few samples of this small sedge have been 
analysed . The results of the analyses, all on specimens 
collected in the Lode Area, are shown in Tabl e 20 . The most 
striking feature of thevalu'e"s is the extremely high tenor 
of zinc in the plants, even though the available geochemical 
results indicate low values for this metal in the associated 
soils . IJead is also present in anomalous quanti ties in all I 
samples , vrhile, again in spite of the relatively 10\" l eve l s 
in the underlying soils, all the samples contain above 
threshold concentrations of copper. 
It is of interest to note that the stems of each sample 
contain lower concentrations of the ore- metal s , when 
expressed on the oven- dry weight baSiS, than the corre-
sponding leaves or flowers . In the two samples Vi.'here le::ves 
have been analysed, this organ gQve the highest value for 
Table ~~: 
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Bulbostylis Barbat~ Analyses of Plant Samples from Dugald River Lode Area. 
Un-milled, dry-ashed material. 'J~ 
Part ppm of oven· dry ; ppm of soil 
of % ppm of Ash j material . (4-6 ins) 
l'!QL_!. LQ"~;' ty .. . ........... ; .... 1'),."" t ... .......; .... A.Ill1 ........ 16;,: ······· p1; ••• ; •• ·· •. · ... :O;;.·.· ..•• i ..  ~~{: .... ;..... g;,: :.· .•• ·; ••.• P~ · ., ••.• i;; · ••.• , g;; .••.. ; •• ·ri> r· .• z;; •• · •..  :. i~' ~~ ....... i ... F9.Qk .... ~ypg .. 
40/ ! 14001'/ Flowers : 6 ~ 02 : 230 ; 30 : 13,500 ! 0 ~ 017 : 13.86 i 1.81 ; 813 i : Footwa11 
75 i 240 i ... ·L ·~·~;~·~ .. " .. r····6·~ ·7·9 .. "·j'· i25 .. ":"62·~ · 5Ti3·;6oo" i·" 6·~ ·o69 ·· " ·~""··8 ·~"56"!· "4'~'2'5'T"88'3' '''1 : shale s • 
. ........... .................... ··r····· ······ ········ ·· .... l········ ······· ····;··· ······, ···· ··t·· .. .. .. ..... . ......... ; .... ··· ·· ········· .. ·i·····················!··· - .......... : ...... ... ..... ... ! ! : ! ; 
i Stems : 1.83 ! 160 : ./ .. 20 ! 19,000 : 0.008 : 2.92 i <. 1 : 347 : ! ! j : 
.. -" .... -.. -...... ~. -.- -, ... ............... -................. -. , ......... -.. ~. . ... -.... .................. '" -, ..... ~ ... ,_ ............... -, ...... ~ .... -.......... -.~ ................. ··i· ........................ ·i .... ·........... . ........... L ... . _ ................. ~ ..... ..... .... - ..... .;. .................. ~ .......... ...... ~ . ..... ... . ...... ~ ................... ~... . .. ... ... ............. ;... ...... ....... ....... ... ...... .. ... " .. . 
40/ I 460S/ ! Flowers i 5~36 j 120 I 80 112,000 i 0.01 : 6~43 i 4.28 : 643 . 150 415 !1440 i 0.104 : Alluvium on . 82 1 340 w : ............... ... · ..· ........ j· .... " ........ · .. · .... r .... · .... · .... "r ...... .. ..... ! ................... : .................... , .................. ·1 ...... · · .... .. . ,....... .. . ; i Lode /footwal1! 
! : Stems : 1.79 : 130 ! 160 :14,000 1 0.009 2.32 ! 2.86250 ! junction . 
......... .... ....... ; .......................... ....................... 1"' ... ........... .. ....... + ......... ............. .. ~ ................. ~.. ..1 ..................... · .. ·: .. ·+··· .. ·· .. · .. · .. 1...... .... ....... ............. .. ; ....................... : ." ..... .................. " .. 
~~/ 1 ~~g~/ Flowers ! .. ? .. .. O.E? . ... L ?..~?. L.~.?.~ ... J .~~?~? LO~0.?? ...... L .. ~~.~ .. 6.~ . .1 ~.~~ .. ~.5. .... ; .... ~.?7 2100 i 0.066 i Shales 
! Stems ; 1.97 : 90 i 470 113,000 j 0.007 : 1.77 : 9.25 : 256 4oT 1 4800~T .......... ................ Fi~:.;~;s . .. 5 ~~5 L 4~~ I<5§ r~i.oo? 1 ~.()i~ ; 2i:~~k 2.;ii ~i84 1 
Ill ! 1120 Leaves ! 3~74 i 150 ' 50 i17.000 i 0~009 i 5~61 1 1.87 : 635 : 
! 
· .. ·r···· .. ···· ···· .. · .... · .. ······f .. 'ir~·~~~·~i ... 
! shales 
st ems . '''2'.'0'7 '' "1"13 5 . '15 ···:·24~·66'o 'T .. ·O .. ;·065· .... r .... · 2·~ .. 7·9·T .. 6 .. ~ 31 ·496 .. · .. : 
.. '-.. ................ ....... ....... , .. ""'" ....... .... ...... . 1. ................... '.. . ................................. L ................. : .................. : ............... ........... L ......... ................ L .......... ........... : .............. -................ , .. .. = . ..... .. ...... ..... . .. . . ...... ~ .... .......... ~ : ..... ~.~ ........ " . . . .............. .. .. ...... .- . .... . ..... ... . .... . . .. .... '" 
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lead, and in one case for zinc, while the maximum values 
for copper occurs in the flowers. 
;QJ~_ c~,s ,s ,i_ 0 p:. 
The extremely high zinc enrichment found in the samples 
of ~.-P_?-.:rb_El.t2: is particularly noteworthy in view of the 
fact that the species is an annual. In E ' __ ~.9no.t~ and 
LJ:2£.l?E.e!l.s., where the Rerial parts sampled are again of 
compA.ratively young age, the level of zinc in the plant 
ash did not exceed that in the underlying soil, while in 
B~}~Pf' .  t.a, the former value is many times higher. 
The distribution of this species indicates that it 
can withstand extremely high concentrations of the ore-metals 
in the rooting medium . It therefore seems possible that 
its apparent ability to a~sorb largo amounts of the ore-
metals without obvious injury may serve as an adaptive 
mechanism towards these conditions . In this respect it 
resembles the perennial species L glabJ§:, and ~elL:q,r_o_sia sp . 
nov o which were also apparently able to assimilate large 
quantities . 
(g) J3iogeochemJ.?W . .9_f_ Jjp1)_r,i,s~.Y.l.i_s_ .s.:P . .. _CD.1:lE.9;.ld R. Mt{QL 
P,.:~c[r. N o_~ . • 27 9J. 
As in ~~ ba~~~~A, ~ifficulties were encountered in 
collecting sufficient material of this small sedge from 
one locality to allow separate 2nalyses of the flowers, 
leaves and stems . 
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The species has a relatively sparse distribution, the 
gre9test concentration occurring near the malachite-stained 
shalcs at the southern end of the Lode outcrop . The plant 
samples from this zone, (Table 21), all contain concent-
rations of coppGr vrhich are above thG threshold level, but 
the enrichment is not narkGd in comparison to the leveL. in t 
underlying soils . In kcepinij with the low tenor of lead in 
the soils of this area, only one sample contains detectable 
amounts of this metal. Similarly, although present in ano-
malous quantities, the concentration of zinc in both plants 
and soils is relatively low compared with other species 
collected from the Lode Area . 
Sample 40/15 was collectGd from the only occurrence of 
the species observed outwith the immediate vicinity of the 
Lode, on argillaceous limestones near the north end of the 
IJode Area, (Fig . 3C) . rimpT..YJt ty'lj..§. sp . may here be associnte< 
vIi th a minor zinc anomaly, (Fig , 5), hut the plant shows 
little enrichment in this element . 
Discussion 
This species bears a certain rGsemblancc to ;I? ,_ E~rbata, 
but the two sedges; may be distinquished by the fact that 
~imbri~YJ.ip. ~ sp . has more recurved stalks" It is of 
interest to note that, r"here scp2rntG analyses were per-
formed on the various aerial pc.rts, the distribution of 
the ore-metals within the two species is also similar. 
In both there is a tendency for the flowers to show a 
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Table "21 : Fimbristylis sp. ( Dugald River rJlMC /DMJP No . 279) . Analyse s of Plant Sample s from Dugald River Lode Area. 
Un- milled, dry-ashed material • 
, 
i 
iNo. : Locality 
, ,- ........ "' .~...... .." ...... r-
140/ ! 1600~/ 
l3 ! 550\ 
/ 
..... -_." t-_ .... _ . 
: S 
! 40/ , 1600\/ 
! l26 ..i. 300 
! 40/ i 1440~/ 
. l32 : 400 
j · .. · .... · .. · ...... 1 .. · .... · .... S· 
40/ ! 1300\1/ 
l25 1 260 
.... ······ .. · .. · .... ·! .... .... ·· .. · .. · .. ii· ..
40/ ! 65001[ 
l5 i 350 1 
... .............. . 
Part 
of 
Plant 
ppm of Ash % , .. ....................................... . 
Ash : Cu i Pb Zn 
............................ ; ................. j ............... + ........ ..... , .......... .. 
Leaves 
& stems 
.- ....... - ... ~ 
7.51 j 87 .5 .... 5 .... 
Leaves 
& stems 6.31 140 >.10 
................. 
Flowers 4 . 27 390 55 
Leaves 
Stems 
9 • 58 j 7 O' 1·:.10 
: t1r • 28 r ":i:3'5··["··:.io l .. ".--....... . ~ .. 
Leaves 
& stems : 12.41 115 
... .............. ...... ··· ···· ············f····· ·······,· .. ... -... , ;- .. .......... 1 ......... .. 
Leaves ; , 
& stems i 7.34 ! 27.5 
1 
960 
400 
670 
: 1700 
. t· ....... -....... . 
180 
ppm of oven -dry ppm of soil 
Cu/Zn \... m~te.~.~~... .. ..... _. J~.~ .6 ... ~.s.) .... : Cu/zn ! 
Ratio ~ Cu ; Pb j Zn : Cu ; Pb ; Zn ; Ratio ' 
... ............. "or" .-.... ·· ···················-·········--·r· ... -_ ...... ' "'---r' ••. ......... , j .•..... _ •. , . • .. ~ .. _ •• _ ....• -" ...• , . 
0,091 : 6 .57 :, 1 ' 72.09 :1100 
~ : 
20 : 600 : 1,83 
, 
0 . 35 : 8 , 83 .. ' 1 ' 25.24 \1500 :: 25 230 6.52 
.' --.,......--~ 
0~58 : 16~65 2 . 34 =28.60 1 
... .. .. . ... ! ... 
o ~ 32 : 6 ~ 70 . 1 ; 21 , 07 : 
................. j ..................... , ........................ '.' . 120 6 . 45 
0.34 i 5,77 : .:. 1 : 17.12 
..-j. . ............ . ............. .. 
o • 068 : 14,27 i 4 . 34 i 210,9 
........... ; ........................ .:.. ............. ..; ... ......... + ........... ~ .. ....... .. 
""'1""""""'" ... " 
0.15 2,02 : <'. 1 13.21 i 60 : 12. 5i 160 ! 0.37 . 
Rock Type 
Shales 
Hangingwall 
shales 
Shales 
Lode/hanging- ' 
wall junction ; 
Argillaceous 
limestones 
. _ .... _ ..•....•...•• ~ .......... _... .. .... ....... ......... ...... ......... .... . .. .... •... ... .•.. .: ...................... ~ ........ _ ...... . : ................. ; . . ........ _ ... L ... " ... .. ...... .: ....... , ........... -., ........................ .. 
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greater degree of enrichment thc>t either the leaves or sterrt: 
Al though further sampling ,;vould be required to confirm this, 
it seems possible thnt variation in netal distributioll 
within the aerial parts of plants may be less marked bet-
v:reen two species from thc same family than between species 
from different families . 
The precise statUG of this species as regar~s its 
association with mineralised deposits is difficult to 
determine ,. Al though, compo.rati vely abundant in the vicinity 
of the copper- be8,ring hangingvmll sho.lcs 2t the eouthern 
end of the Lode, (Fig . 3C), the species was not found in 
other regions of copper mineralisation . lliile showing a 
higher degree of met8.1 enrichment than samples of T..!..-'-p~pgen3_ 
from the Lode Area, (Table 11) , the enrichment is less 
marked than in the other species associated with mineral-
isation . In this respect, therefore, it occupies a rather 
intermediate position . 
(h) Lli-_I?_ceJ-1-_ap.!3_o]l~ '§BQ.QJes. 
Eight samples of miscellaneous species , some of which 
possibly are associated with mineralisation , have been 
analysed and the results expressed in Table 22 . 
The sample of !.r_~oQ.iA ).opp-:.;Lcep.£.. (Sample 40/137) was 
collected from the hangingwall shales near the southern 
extremity of the Lode outcrop, where the species is quite 
abundant, (Fig . 3C) . Since the grass was sterile at the 
time of collection, only the leaves were analysed . These 
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Table 22: Ni.2,gellQdlGous speei"-.:?. IllO,l'j ..... ":: of P:Lant Samples from the Dugald River Area. Un-milloc..,(lry-ashed mn.terial ~ 
- ... ..... .. ... . . ..... .. ........ ..: p~t 5; ,P";~;;~l :[ ~~;~~ ; ~~~;~~~;i~ .J~t;:~~~I , C";~~· .... .... ...... ....... . .. 
lNO. Species : Locality :Plant i Ash :Cu i Po ; Zn : Ratio : Cu :Pb Zn ; Cu : Pb : Zn : l~o.tio . Rock Type. 
i ........... : ... -~ ............. - - .... . .... -~- ··········S -- . __ ......... _-- ...... -, .... -- ··········r··-- ······1' · ... -_ .. ;' .. -- .... . -- ";'" .. : .. ............ -:" _ ...... . ... "' .. -," ··r'··········· ·-··~·······'···--···l· .. '.' ............. ;._ .............. ·····t··· .............. . -.- ... '-"0' , ••• •• •••• 
140 / : Tlrio~ia 1 1130435wl (Leaves i 3.17 i 165 ! .. :. 10 !4400 1 0 •037 . 5.23 :/ 1 ;139.5 : 2700 : 55 i 220 : 12.27 ; Hhanalgingwall '1.37 1 ong~eeps : : : ; : : :.: :. : : : ; i s es 1- ___ " ... ..;-- .. .... ---...... -- -... . -- .. -... -: .... ' .. . ~ .. ·N'······· ~ ··· .. ·--· .. ·-... -1······--··,·--:- .......... ~.-. - ...... ~- ...... -- .... ; ...... -.... - .. : .. -......... - ......... 1 •• • ••• i-:_ ... . ...... ...... :- .•• __ . .. ,; ••••••.• _-_.! ......... . _- -··t .. ·-··· ... - ...... i .... ·_ .. · 
140 / \ Scaevola. 14320 4 iLeaves i 1 100 :··· .. 25 i 150 : 0 67 : :! i Cale-
! 5 ......... ] ... ~~.~.~.~~.~~ .. :~.?-j ....... ~4?·O' · ·N .. !~ ... ~~~.~.~.L ............ -.L .... - ... ~ ........ - ... 1 ....· ... _ .... ; ...... ~ ...........  1.. . ............. .......... f.... ... i ....... .. 1 .. .......... I..... .. ....... ,. ...... .. .. : . si.1~ca.tes ...... . 
Lio / l Scaevola ! 39 f 200\yl !Leavee i I ! ! ! : . . 17 ! densivestitai 2370 j& stems ! : 425 :·<: 25 j 120 : 3.54 !850 ' 15 : ~o ! 21.25 : Fragment~ . 
.
. ...... '- ............. _ ............ . ----' .......... .. _ ........ 1. _ ............... : ........... _l ......... _: .. ......... ; . _ . ....... ~._ .:! : : ~ .... .... ,: ......... _ ..... ~.: .. 9.al.g.-... ~?-. ;t .l..c ...~t ... e ... s :. ~.-- --. ..- --"T'.' ... t·_·_ ........... ~.- ....... ; ...... _ ..... :. . - . . . 
140/ I Cassia : 21, 500N / !Leave s 1 8.40 i 70 >.10 I 170 : 0 ~ 41 5.88 : <.1 1 14.28 i i. Sheet wash . 
11.66 1 desolate. ! 1000
W : st~~~·" "'r .. ·7 .. ~·i8T· .. 90T~.io· .. I· 12oT'o >75' --.;. - "6':'4En···J. ~ .. ~ .. ' 8~ 61 '1 [ : : cover : 
i .. - · .. ·· t-··· ... -_ ......... , . .. ' _ ... ,......... .. .. -... - N····-:· .. ··_ .. .......... T-'" ...... ... -:-_ ..... "'f' ·_·· .. "r·· .... ·-- ' .. r·· .... · -.- ---;-----..... · .. '1· ... - ... ~.-.... -_.! .. · .. ·· .. ··; ...... ··· .. · .. -·T· ...... -...... ··1··· ........... -.. ...... :- .......... ., ............. _ ............... . 
i ~o / I ~::~i~ta 24 i~6gw/ ,~:::: sY~:~i j i~b l::ib l i~b l i:~~ ! l: :i~ l;t2r 2:-::~ j 135 i Z~8 in5~ePth ~ j 70 : ~~~:; wash . 
l _ ...... ···· ... : ........................................... - ...... . ........................... ; .. ............................ ~ ..... _ ........... -l- ........... -i .......... +- .... ' .~ ... -............. -+ ............. - .. ··i· .. ··· _ .... ~ ....... ' , !.. . ............................................... 1··· ...... ··· .... _ .. · .... ········ ............ . 
1 j \Flowers : 15 .10 : 250 1·~· 20 : 200 : 1 ~ 25 : 37.7 fl.51 ' 30 ~ 2 : Not analysed for ; 
\40/ [ Ptilotus 382~og~1 \L~·~:;~·~· .. ·Ti8 .. ~i6 .. ·l" .. ioo ·1:·:.i6· .. t·· .. · .. 60 ·~· i·~ .. 66 ...... 1 .... · .. i8 .. ~i .. · :ji~ ·8i [· i6 ..  8·6 .. !100 Pb and Zn b~t : Fragmental 
11.53 i obovatus 7 : ....................... L ............. 1... ......... ,L ............... L. ....... ; ..................... ) .... .. _ ........... ~ ............ ~ ......... _ .. i levels low m : cale-silieates 
1 i ! iStems ; 7~82 j 90 j<'.lO ! CO i 1~50 ~ 7.03 1<.1 i 4.69 1 this area. 
~ ......... ··i· .. · .......................................... j .............. . ..... ~ ....... " - ......... i·· ......... ..l .. ··· .... · · .. ·1 .... --- .. ·f····· _· .. ··· .. ··i ................ · .. ···1·.. .. """r'"'' ..... ~ .............. _j_............... ........... ................ .... . .................... , ........ -......... .. ........... -.- .... ... .......... ; 
... i ; Pit for iFlowers ! 8 ~82 :1300 ; 20 i 260 ! 5.0 ; 114. 66 ~ l. 70 i 22.93 ! : Copperstained : 
140/ ! Ptllotus ! Copper !L~'~~~'~ '''''!''2:i''~''C'''': :·~·50 l·:: . i6 .. ··! .... 2i6 .. ·t .. ·6 .. ~i; · ...... ·(283~·5 · .. ·b .. ~'i .. ··t' 44"~"io j ! cale-silieutes ~ 
1 ~28 i obovatus ; at Block l .... .. .. · ............ ·T ...... · .......... : .. · .. - ..... + ............ j.. .. .. , ................. , .................... + ............. + ................. j 
! i ! 14, Clon~Stems ! 8.82 i1400 : 20 I 280 ! 5.0 l 123.48 :1.70': 24.69 j I .......... ) ........................................ .. i ... ~~~~ ....... ..... ; ........ ............ . ! ......... ·· .. 1 .. ·· .... · ...... ·:..·  ........ · .. 1... .. .... · .... · .L .... :· .. ·· .. · .. ··i· .. ···· ............ .1 .......... ~ .. L ............. J-.... +. -.. 
! I . I ~~go 4 l!~?Vl~r: .. ~.1. ... 1.~7.6 ... l ...... ~.~ . .i.<..10 ..... I ... 1.9..? ... ! ... ? .. ~ .. ~~ ...... L ........ ~ .. ~?? I:'::' ~ .... l .. ~.~.~ .7. .~..l : 
140 / ! Borrerl.~ : lLeuves i 12~00 i 80 !·<.lO l 150 1 0~53 1 9.60 ~··~ 1 : 18.00 ! 15 !10 ~ 1. 7 i austrn.l~anu : Turkey i .... · ...... .... · .. · ........ ;· ........ ·· .. · ... ; .... · ...... · .. : .. ·· .. ··· ...... l .. · .... ···· .... f·· .... ·· .... · ...... · ··~ · .... ·-· .... · .. ·· .... +····_ ...... 1 .... •• ...... •• .... i 
: t : Creek :Stems i 6.06: 75 > 10 : 120 ; 0.62 : 4.54 :<'1 ! 7 27 1 
1 l .. ............................................. J.. .......................... _ .... 1.. ....... _ ........... L ............. : .......... _ ..... 1 ... "_ .... .l.. ............. ! .. _ .......... ... .l ............. _ ....... j .. __ .......... ~ .. _ ............... .L .......... ! ................. l... . .......... : .......................... L ................................................ . i, .......... •·••· 
I : 
.. .............. 1" ............... : .................................................. . 
10 1.5 Cale-silioates 
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threshold quantite8 of zinc, though lead is at the lower 
limit of detection in all pnrts . The copper:zinc ratios in 
the stems are both vlell above the mean bGckground value 
of 0 . 44 . 
Sample 40/3 was collected from the vicinity of the 
eastern end of Transect 121 (Pig. lOA), where Cassia desolE-.t:'J 
is quite abundRnt . The soil underlying the sample contains 
an above-threshold copper content (135 ppm) but, as will 
be evident from Fig . 11, the level of copper in the soils 
is comparatively high throughout the greate r part of this 
transect . '1'he anomalous quantiti es of copper in the samples 
of C~~si~~esol~~~ from this Gre2 are presumably related 
to the higher soil copper contents, but whether these are 
h 
indicative of mineralisation in the rocks below is not ~own. 
The lorv herb PtiJ_9tus_.g).Q,Y_<:!:.tus occurs sparingly on the 
outskirts of regions of copper minerGlisation in the Dugald 
River Area. Sample 40/153 was colle cted from the vicinity 
of the Little Eva copper occurrence, (Fig . 2). Both the 
flo'wers and stems contain above-threshold results for 
copper, though the copper content in the underlying soil 
is only 100 ppm . On an oven-dry '"!eight basis, the zinc 
content in the flowers also exceeds the threshold level of 
13 ppm . The copner: zinc ratios in both parts are consider-
ably above the mean background value of 0 . 44. 
A s econd sample (8an~l e 40/128) was collected from an 
area of copper mineralisation near Cloncurry . The analyses 
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indicate itha t the "plant contains a high c'onc'en.tra tio.n ~ of thi: 
metal, with the maXimUp.l value occurring in the leaves . The 
results for zinc are also above-threshold, and again the 
leave s contain the largest amount . 
!?2..I'.F..QLi_a_aus,t.r§.1J-!lpa is quite common in the Turkey Creek 
Area, but shows no close association with the malachite-
stained shales which outcrop in this region . :rotwi thstanding 
the low level of copper in the underlying soil, analyses of 
the flowers, leaves and stems of the plant yielded results 
for copper slightly above the tlrreshold value of 70 (4) ppm. 
On an oven- dry basis, the leaves and stems also contain 
above - threshold concentrations of zinc . 
(i) Re.syl t,s .. o,£, 'p_l.a.n.t. §lp.a.ly.s.i_s.J.o.r. _c,opj)_e.F.J __ l~2.d_ an..d __ z,.iP.-9J. 
,c~:.n.d_ .tr_a,c.e. ~)._e.m.e.n.t .ap.a.ly.s.i.~ ... .<2.f_ 'p'.la~t~s.§.p.d. sgJ}..s_oP. 
-J:,.r?Y,e..r.s.e. ~a.t. ,1.09. ~T-L p:uga.l~ ft..i'ye!,_ Lod~ 
In order to investigate more closely the variations in 
metal content occurring in the plants and soils in the 
vicinity of lead-zinc mineralisation, a short traverse was 
made across the Lode and host shales at 100 N, (Fig. 4C) . 
Samples of the leaves of : . pungnns , the leaves and stems 
together of E. mucronata,and t~e soil ( - 80 mesh) at 2 to 
6 inches were collected. The 00 point of the traverse 17[,.S 
si ted at the boundary between the areA. dominated by T .. 
Eungens. and the Lode assemblage, v"here ;g:..!-E1]1_c.r_o'p"'a.t?:, is the 
most abundant species. At this point , samples of both 
species were collected, (designated by T and ~ respectively 
I~OOO 
5000 
0-5 
o 0 6 
COPPER lEAD ZINC: 
in plAnt Ash 
• • • 
COPPER. LEAD ZINC 
;" wtn-dr!f mlJftrial 
cH -k-----r--r--r----;C--..---;:--~--------;:;oI 
fig. )8 R suit o~ Anall8ea ot - fr!~4&1 
eun6'D! (leav.e) n4 Et ,0 n, 
~uoron". (leavea + stems) tor 
u. Mi and ~n on 100 . Travbree . 
Du~ald R1ver ~du 
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on the graphs); further west the former species was sampled, 
while to the Gast sJ}!Jples of ;f, . nucronata were taken . 
The results of analyses of the plants samples for 
copper, lead and zinc are indicated in Fig . 38. Only the 
lead content in the plants shows a marked increase in the .I 
samples of ~_ . _ . ml~gF..0.!.l.a.t§. compared VIi th the level in T. Tl~gep.s 1 
The level of copper fluctuates, but, apart from the sample 
of E . ..2!l~c!_o!l_a_ta from the 5 E station, the level in this 
species is of the same order as in !.:...~nE..~'§. . Zinc shows 
only a two-fold increase in the samples of E. EucI..9nata .. 
The ash of these samples, together with soil samples , 
(-80 mesh), from 2 to 6 inches, were analysed by a semi-
quantitative spectrographic method for the elements indicate~ 
in Fig. 39. (The results for zinc by a colorimetric method 
are shovm for comparison . ) 
With the exception of zinc, tin, molybdenum and bismuth, 
the concentrations of the elements in the ash are generally 
lower than in the corresponding soil samples. Zinc, le~d, 
silver and manganese are the only metals which show an 
appreciable variation, either in the soil or the plant 
samples, across the boundary between the areas dominated 
by .T . pungeps to the west and the ~" __ .E1:u.c_r_op._ata zone. 
The level of zinc in the pl~nts shows only a small 
increase in the s~~ples of E. mucropata, even though the 
concentration of this metal increases markedly in the 
underlying soil . The level in the soil rises from 1200 ppm 
t 
r--I VOI'H"'; I U'" 
t 100]-- - - _.- .- ........ _._. ______ . • 00 I 
I . T .,~ -'-. -. :- - ,:,-;- : - ;-... -: .--.1 . • t. . 'I 
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at the western extremity to 30,000 ppm over the centre of 
the Lode, while over the same distance the concentration in 
the plant ash increases from only 2600 ppm to 5500 ppm . 
The results for lead in the soils show an even greater 
enrichment, rising from 80 to 10,000 ppm over the same 
horizontal interval as quoted above . The lead content in 
the samples of .':L' . pungens increases, 'ivi th some fluctuations 9 
from 30 ppm at the western extremity to 150 ppm at the 00 
point of the traverse . Within the E . mucronata zone, the 
level in the plants initially shows a drop, then increases 
rapidly to 800 ppm in the samples from the 20 and 30 :E 
stations. 
Silver shows the most striking increase in the soil on 
traversing from the T .. _~ungens to the E . I!lus:ro_l?-iltB;, zones . 
From the 10 W station to 30 E , the level increases from 
0 . 5 to 60 ppm . Over the same interval, however, the concent-
ration of this metal in the plant ash rises from only ( 0 .2 
to 0 . 7 ppm . 
The level of manganese in the soil samples is level at 
about 850 ppm throughout the traverse . With the exception 
of the ~...!..~onat~ sample from the 00 point, where the 
ash contains 1200 ppm manganese, the concentration in the 
plant remains relatively uniform from the western extremity 
of the traverse to 10 E. From this point eastwards, however, 
the level in the plant increases rapidly, reaching 1500 ppm 
in the sample of ~~mucropata from 30 E . 
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Discussion 
It is apparent that of the elements antilyse-d,. only zin._ . 
lead? silver and mangane se show appreciable variation, either 
in the soil or plant samples, across the bOill1dary between 
1 The reason for the high level of manganese in the sampleE 
of E . mucr~Eata from the Lode zone and footwall is unclear, 
since the metal shows no corresponding increase in the 
underlying soils . However, Stiles (1958) notes that the 
adsorption of manganese, and the development of symptoms of 
this element , may be influenced by the presence of other 
substances, in particular of compounds of iron in the 
rooting medium . Since the Lode itself is rich in iron 
sulphides, (P . 46 ) , it is possible that the increased up-
take of manganese by ~ . mucronata is due to excess of the 
former element in the soils over the Lode . 
Of the analysed elements , it is evident that the presence 
of abnormal quantities of zinc, lead and silver is the main 
distinction between the s~ils with ' E •. ' muQTO'nata~ ab.U"" thos'e 
'wi th . ~"':. ' 'lmhgeils .It would seem , therefore, that the position 
of the boundary between these two vegetation types is 
largely determined by the distribution and . concentrations 
of these metals within the underlying soils. Of the three 
silver sh0ws the largest increase across the boundary, so 
it is possible that the presence of this element in excesS 
is the most important single factor distingu;qhing t~e soils 
of the E._my~ro~aya zone from those of ~~~pge!L~ ' However, 
it seems more probable that the presence of toxic concent-
rations of zinc, lead and silver is the explanation of the 
This species is apparently able to withstand these highly 
toxic conditions, possibly by better adaptation to absorptio: 
of larger quantities of zinc, lead and silver than the more 
wj.despread species, such as ~_J?...~pg~ns .. 
It is of interest that, with the exception of manganese, 
the sample of ~~l~ens collected from the 00 point general-
ly contained higher concentrations of!the elements analysed 
than the sample of E .. Ylucronata from the same station . \1hile 
this may indicate increased absorption of trace elements by 
the former species at this locality, the difference is more 
probably related to differences in the age of the material 
sampled, or to a more advanced stage of senescence in E . 
mucronata . Rankama and Sahama, (1949), point out that the 
-----
content of most of the minor elements decreases in plants 
as they wither and die, and it was noted that, at the time 
of collection, withering was more advanced in E. mucronata 
than in T. pungen~ . 
(3) Dis~uss.1_op_ on il~..fl-ec_1..=!-on.§_ in .the .. cllrve.s ..Q%_ metal cq!1j;§_nt 
_ip __ tp.§ . ..P.l9-P.t.s ___ a.gaj.}'l§_t_.yhe soil .. ]TI.etal-2oD:. te_n_~ .. 
In the discussion on the results of analyses of TeRhF9flJ-3 
sp. nov., ~!j..ac..hn~_m~.c_ronB:..t_~ and Jri_odia_"pyp.E.e'p_~, reference 
was made to prominent inflections which occurred In the 
- 24Cf -
curves of the metal content in the plants plotted against 
the metal content in the underlying near-surface 80ils . 
These inflections were noted in the curves for lead and 
copper ip all three species, though in the case of the coppe 
curve in ~~~ge~~ the change in slope was less abrupt than 
in the other species . The curves are concave upwards . Thus, 
below the point of inflection the increase in the tenor of 
copper and lead in the plant lags behind that in the under-
lying soil, vrhile above the inflection the plant content 
rises rapidly over a comparatively small increase in the 
soil e-
In contrast , the curve for zinc in all cases indicated 
a straight line relationship ; i . e ., the level of zinc in 
the plants increased more or less constantly with increase 
in the concentration of this metal in the underlying soils . 
As regards copper, these observations disagree with 
those by Lundblad et al, (1949) . In an experimental investi-
gation of copper deficiency in the peat soils of northern 
Sweden, and in the sandy and other light soils of the south, 
these authors found that the mean copper content of the 
plants increased rapidly up to a soil value of about 15 
kg/ha for peat soils and 20 kg/ha for minoral soils . Above 
these levels, the increase in plant copper content did not 
reflect the increasing copper content of the underlying 
soil to the same extent as at the lower concentrations of 
copper in the soils. 
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As indicated in Table 23 , the co-ordinates on the 
graphs at which the inflections take place differ from 
species to species. 
Table 23: Co-ordinates for Inflections in the Curves of ____ __ _____ .. ___ • e __ ... _ _ . ___ _ . _ _ _ -..- _________ .. 
9..o.l?.P.eI __ and. ke§i~ Content in Plaptl>_ .§.g~ins.i ~..h.e_ 
Cq.~_~:nd--'y5~.§..sl_.9QJ:1.1Gnt._in th.!LypdeIl:,ying Soils, 
'f '" 
Species Copper Lead 
! ppn Soil ; pprn Plant ppm Soil i ppm Plant 
' ... _e.. .. ... . .... -........................ .. . _ " .. ..... . 
iTephrosia sp . 
inov., leaves 1000 : 15 0 (12) 1000 ' .10 ( /1 ) 
stems J 150 (6) .:: 10 ('·.1) 
; ~ i e:i~~~~~i~c~~; :3000 ---;- 70 (3) i --- 1500 1 ~ lO (-ij 
;.; .  ~ ... ;~~~.~~~... .... ... ........~ ..................... 'T' . ~ .. ................... ··r ···· .. "6 oo·········r:: .. '1'0"· . ·T~:.·i) . 
: (leaves) , . 
i •...• ..••.. . , ..• _ ......•...• .• ••.. ...•....•.•. .. . ' ... ............... 1. -.......... __ ..................... ~ ... . . __ •........ _ ... _ ...... -.......... ....... ..... .... _ ............. ... ; ................................ _ ...... . 
The observed increase in r a te of copper uptake by the plant 
occurs at a higher level in the soil in the case of ~~u~~o· 
nat8:. than in TephrosiB; sp. novo On the other hand, the level 
of copper in the plant shows the reverse relationship; i . e ., 
the inflection takes place at a lower plant copper content 
in the former species than in Tephrosia sp . novo This may 
suggest that, while Tep~r9~ia sp. novo can absorb a larger 
quantity of copper than ~ ~._~yc~oEat~, the· latter species 
can withstand higher concentrations in the soil . This agrees 
with their geographical distribution and the maximum copper 
contents found in the soils associated with the two species; 
i.e . , 8900 ppm in the case of ~m~~ata as against 1800 
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ppm in Jephrosia sp . nov . , (Tables 14, 18). 
The inflection in the curves of lead content in the 
plants against the soil lead contents , (Table 23) , occur 
at the lower limit of detection; i . e . ~ 10, ( ,1) ppm in 
Te~hrosia sp . nov . , E. m~9I~nat~ and ~.~ngen~. However] 
the level of lead in the soil at which the observed increa 
in the rate of uptake takes place varies from species to 
species . It occurs at a soil lead content of 1500 ppm in 
E. mucronata, at 1000 ppm in Tephrosia sp . nov . , and at 
---- .---- - -
600 ppm in T . p.m1g~~ . This may suggcst that E. __ ~ucrop?~a 
is able to withstand highe:r;' lead concentrations than '.te phr 0_",:,. 
sia sp . nov ., which in turn is able to grow in soils richer 
in this element than J~QtLens . As in the case of copper, 
this agrees with their geoGraphical distribution and with 
the maximum lead contents in the soils underlying the tlrree 
species; i . e ., 6000 ppm in the case ofE . ffi}l.9l'onata, 1300 
ppm in Tephrosia sp ' , novo and 1200 ppm in T. pun~~ps. 
Three possible explanations for these inflections are 
put for~Nard, but it is emphasised that much experimental 
work would be required to elucidate the precise reason . 
A. Uptake of copper and lead is inhibited by the plants up 
to the concentration in the soil corresponding to the point 
of inflection; above this level , some kind of physiological 
barrier is broken and the metal is allowed to pass freely 
into the plant . 
As far as is kno~~, however, no evidence has yet been 
presented indicating the operation of such a mechanism. In 
fact, the work of Lundblad et aI, (ibid), suggests that the 
reverse may be the case and suppression of metal uptake may 
occur at the higher levels of soil metal content. 
B. The mobility of the metals has been affected by changes 
in soil pH. It is well lmovm that copper, for example, is 
markedly less mobile under conditions of very high or very 
low pH. Hence, a plant growing in calcareous soils might be 
expected to absorb less copper than a plant of the same 
species from a neutral or slightly acid soil. 
However, the majority of plant samples were collected 
frow the mineralised outcrops, from the shales bordering 
the Lode, from quartzite alluvium of from arid red earth 
soils. Reference to Table 4 indicates that the pH of samples 
of surface soil frow these areas ranges from only 5.6 to 
6.9. It seems unlikely, therefore, that soil pH can have 
caused the marked variations in the rate of copper and lead 
uptake indicated by the graphs. 
c. A separate strain of the species Jephrosia sp. novo and 
E. mucronata has been evolved which is capable of absorbing 
-- -_ .. - .. .. --.-.-
higher concentrations of copper and lead than the species 
population occurring on soils low in these metals. Although 
no marked inflection in the curve for copper is evident in 
the case of T. pungens, the curve of lead content in the 
plant against the soil lead content shows a similar inflecti( 
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to those in Tephrosia sp. novo and E. mucronata. It is 
therefore possible that T. pungens has evolved an ecotype, 
capable of existing under conditions of relativel ~T high soil 
lead content. 
In the writer 's opini"Qn, the last explanation is the 
most likely, since ecotypes of this kind have been reported 
for several annual herbs growing on soils derived from 
serpentinite in California, (Krukkeberg , 1951, 1954), and 
also for a population of Agrost\~_tell~is. growing over a 
disused lead mine in North Wales, (Bradshaw, 1952). 
Soil analyses have shown that these serpentine soils 
are high in magnesium , chromium and nickel, and deficient 
in calcium, nitrogen, phosphorus and occasionally molybdenum 
Alt1.ough. chiefly restricted to serpentine, strains of 
Streptanthus glandulosus are occasionally also found in non-
serpentine areas. When grown in experimental cultures, 
collections of strains from non-serpentine localities showed 
a marked intolerance to serpentine soils, while collections 
of other strains from serpentine sites attained normal growtJ 
on serpentine soils. 
Experimental results show that serpentine plants may be 
restricted to serpentine by intolerance of the more rigorous 
competition in non-serpentine plant communities. Edaphic 
factors are also important, however, since tests have shown 
that tolerance of the low level of calcium is a principal 
adaptation required for growth of plants on serpentine soils 
Similar results were ~~ported by Bradshaw (ibid) in his 
9tudy on Agros~i s ~ p.nl~~. One population of this grass was 
grov'Itng over a disused lead mine where the soils contained 
about 1 'lV le ad and 0 . 03 y; zinc, and a second from ordinary 
pastuTc, v:here the soi~_s were low in these metals. On cuI ti-
V2.t i. o:l Ln n()rL1a.~L 30 i1 '3 .. the plants from the mine were distin( 
1:,' smalle r and greVl more f:lowly than the pasture samples. On 
being t~ansplanted as tillers into soil from the mine, the 
ruin,-~ samples grew normally while the pasture samples made 
llO grovlth at all, 50 j; of the tillers being dead within 
three mon~hs . The l atter plants were found to have produced 
mis-shapen roots rarely more than 2 mm . in length, while the 
former rooted normally. There was no indication of any 
change in resistance wi-r.h time , since sir,1ilar results were 
obtained after the mate ' 'ial had been in cultivation in 
normal soil for two ye ~rs. 
It is evident that separate ecotypes, ot the type 
postulated for Tephros~ a sp . nov . and E . mucronata, can 
exist in nature. Although ' culture experiments of the type 
reported above would be~uired to confirm this, intraspeci-
fic variation would seem to offer a reasonable explanation 
of the variations in the rate of copper and lead uptake 
evident in these species . It is possible ' that T. pungen~. 
has also produced a separate strain which is capable of 
absorbing higher quantities of lead than the more wide-
spread strains which occur on normal soils . 
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~he fact tha t zinc seems to pass freeiy , into the plant 
a t all l eve:!.s of soil zinc content, and that the overall 
le-rel ol' this element in the plants is higher than copper 
or lead , m~y suggest tha t zinc is the least toxic of the 
t llree netals. 
Although insufficient analytical data is available for 
~2~VCdrRG~a gl~b~a , Bulbostxlis barbata and Fimbristylis sp . , 
i t i s poss ible that these species also have evolved separate 
ecotypes capable of surviving on soils containing toxic 
metal concent rations . 
Intraspecific variation may also serve as a 'possible 
explanation of the distribution patterns of the species 
a ssociated with mineralisation. All of these plants may 
occur both in the vicinity of ore- deposits and, though less 
frequently, in areas where mineralisation is unlalOwn . Host 
plants occurring in the Dugald River Area are restricted to 
a relGtively narrow range of habitats; e . g . , Astrebla 
p~9tinat[l to heavy CJ,RY soils, Sporo.b_olus austral§..sicus to 
sandy or loamy soils . It is evident from the variation in 
the vegetative cover over the ore-deposits that the presence 
of toxic quanti.tes of (;opper, lead and zinc in the soils 
have a powerfu l influence on vegetation distribution . One 
might therefore expe~t that, if only species population 
were in questL')n, the plants occurring over the ore-deposits 
\7ould be restrictec. to these areas . Since this is not the 
case, and if t'~1is j)ostulate is correct, it follows that two 
separate popula+ions, one adapted to growing under toxic 
conditions, have been evolved in the plants which a~u 
associated with minerali s2tion. 
(4),.Dpfinitlon of ~logeochemical anomalies. 
- - ---- --_ .... - -~-- .. - --- .. _ .... -- ---- ---
T (1. 80me previous investigations, e. g . , those by ~thi t e " 
~1950), and Worthillgton, (1955), it was reported that bio~ 
geochemical anoI!lalies associated with copper or lead-zi-(\ (' 
mineralisation are better defined by using the ratio of 
copper to zinc in the plant samples, rather than by the 
~bsolute copper and zinc contents alone . The assumption i s 
that, while the coppc::::, ?flrl zinc contents in plants may VdHj 
frem species to species, the ratio of these two metaLS i~ 
plant material will show a smaller variation , unless 
influenced by the presence of anomalous quantities of the se 
metals in the rooting medium. 
To test this :typothesis, the mean copper:zinc ratios fo :;., 
the plant samples, (all parts ) , collected in the vicinity 
of copper and lead--zinc mineralisation in the Dugald River 
area have been compared with the mean ~opper:zinc ratio in 
Tr&versQ , (Table 24) . 
: • •• • 0 -
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Table 24: 9om}?arison of Cu:Zn Ratios in Plant S~les, 
(all ]art~), from Lode_ Area, Turkey Creek 
and Background . 
... _._ ... _ _ ....... .. .. __ • •.. .. . ••.••. _ _ .••.•.. • .•..... . . ...• _ • ..•.. ..••..• __ . ... .... ... .... .... . _ ..... ___ •... _ _ •.•.•..•...• • .•• .• • •.•• ••• • _ ... . .. .................... . . ... . .... . . . ............................ .. . ( I 
Mean ; 
Cu : Zn ! 
Ratio . 
Stand;. : ' 
Devn : Range 
.. ,- . ... ..... ... .. .. ~ .... _ -- ... -.-.- , ----'" .. . ....... ..... -:' ............ __ ._ ..;. - -.... . ...... . ... ....... - ;- ... .. .... - . ............ __ . .. ... _ .... -_ .... . 
1Lode -Area . ( 88 determinations )J:O . 057 : 0 .1003 : 0 . 0020 - 0 . 58 
:. , _ .. , .. - . --_. -,_'_'- .. - , - -.- .. ,_ .- - -_ .. . -.-- ................. --.- -... --- .~ .-- - ...... .. -.. - .~ - --. --- .- - - .- .. -. - ..... ~- - .. -.. --. -... -.- ...... ~ .... . ........ _ .... . 
1Turkey Creek AreA. ::: 
i ...... , . ............. _~ ~.~ . ~e~~~~.i.~~:~.o~~ .~_~ .S. 2_ ·.?7 ... i._ .. ~ .. ~ ~~ _ : .. ? . _ ~~ ....... ~ .. ~ ~.~~ .. __  
lBackground.(16 determinations)~ 0.44 0 . 21 0 . 19 - 0 .87 
,.. .. . . ... .... .. ..... ........... .. .... . .. . ... ,.... . .......... .... . . . . .. .. ..... .......... . ... ... .. .............. _. . .... . ~ ................ -.......... :. .. .. . . . .... ... ... ... ........... . . .... . . . . . ... -............ -. . .. .... . ... ...... .................. ..' 
Note: - Samples 40/138 and 139 were ignored in the 
calculation of the mean for the Lode Area; these 
were situated on a copper vein which is atypical 
of the mineralisation of this area as a whole . 
The above results were submitted to a "StUdent ' s t test", 
(Moroney , 1957 ). The difference between the mean of the samples 
from the Lode Area and the mean background val ue gave a value 
for t of 6 .135, which ~s statist~ c al~Y ~ highly·signifi cant . Sirr 
arly, the difference between the mean copper:zinc ratio 'for the 
plant samples from Turkey Creek a~ the mean background value 
gave a value for t of 4 .829, which again is highly significant . 
Although the ranges in the three groups of sampl es overlap , 
therefore , it would appear that variations tn the copper:zinc 
ratio in the plant are closely related to the presence of 
copper and zinc mineralisation at depth . 
These findings were compared with those using the absolute 
metal contents in the plants al one . The results of pl ant ana-
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lyses for lead and zinc in the Lode Area, (including all 
aerial parts of the plants), are summarised in Table 25, 
and the results for coppe r in samples from the Turkey Creek 
Area in Table 26 . 
Table 25: Me_an . R_aD~B~_tjQ._o.f.. rde~p _ _ A~Loma).o1!..~: Tpresholc! 
V~lu~_a.n.d. ?_e.r_c_~Il.1a&.~--..£:L ft_esults above Threshold 
V all~_f 0 r ~G acl_ap9-_ Zip. c _ iD_]?). ap t E.afI1pJ ~_l~J.l 
nart~_L . .£r..9m Loj.~4..re~. 
Metal : Mean : Range 
: Ra·t·io· ··of i;iean· , .... . OJ, . ... 
: Anomalous to Re suI t 
~hrGshold ValUe0 ThrGs 
: ' : (approximate) : hold 
, 
.......................... .............. -.................... ··l···· .............. , ........... ............... ; ......................................... : ....... -....... , 
Lead - ; 
: ppm Ash : 80 >10-1050 4:1 34% 
: ............... -....... -...... ,- -, -.- ... ,.' ......... '- ... .. _ .. -, _ .... . -.. . ~- ... . ..... _-_ ...... " '1"'- --"" -' ... 0 . - ........ . ....... 1" .... _- ........ 0 • • _,0 •••••• • , • • •••• • • • --••••••••• ~ ••••••••• ••• - •• • •• ~ 
i Lead 
: ppm oven- dry material : 3.5 : -< 1 - 49 . 67 ! 1 . 7 : 1 25% 
: : I 
..... ... ........... ..... ............. ..... .. ...... _ ....... ..... ...... _ .. ;' •. .. ..••... . . - -, '-'0_ -'" ......... _ •. ..........• ____ ..• __ ... _ ..•. __ .. ___ .. __ .... _ ... .. ___ ' ~' ....... .. •.. ,. p. 
: Zinc 
ppm Ash, : 7326 : 220- 42 , 000: 33: 1 97% 
........ . ... _ ..... -...... ... . ........ ................... .. .. .. _ .. '1" "" ........... ~ ............................. -.: ... -.. _ ................. -....... .... -.. -..... ~ .. _--_ .... -_ .. 
Zinc - : . 
: ppm oven- dry material ; 312 ; 10- 1943 24 : 1 96% 
' .. , .... -_ ......... ... . _.'-' ._ ........... -- . . ... -....;. _ .......... _--_ .... . ... _ .. _-- _._ --_: ... .. _-_._ ..... ... ---_ ... . _ .... _ ... _j-_._-_ ......... ... 
Table 26: Mean , P.ang~atio of Mean Anoma1ous :Thresho1d 
yalu~ and P~l'_C:'§!At~_ of Results .above Jhreshold 
Value for Cop~in Plant Eamples, (all parts) , 
from Tu~key Creek __ Area . 
•• _ _ .... , ......................... _ .... .. , ...... ...... - ,"- ••••• p .... _ ............. ..-..0;- ........................ ... . ...... . . _ .... - . ........ ... _ ..... - ....... . 
: Mean : 
; Ra tio of . Mean Anomal-: % 
. , 
Range ' QUS to Threshold Value: Result 
: ( approximate) Thresho i .;.~.~~~.; ..... ~ ... ·······l··· ......... + ............................ ··1········ ........ _ ........................................ .......... ~ ................... . 
: ppm Ash : 425 65 - 1300 6 : 1 91% 
~ .. .......... -.. .. - ..... _ .... , .. -....... ~ .... " .. .. ...... ~-.............. -.... ---- .......... ·7-· .. ·· ........ -....... .............. . .... .... .......... . .--.... ,' .... . ~ ..... -00 _' .. _ .. 
! Copper - ': ; 
:ppm oven- dry 19 . 9 : 3 . 21- 73 . 25 : 5:1 
! material : : 91% 
.................... , .... -...... ..... .... - ........... __ : __ .... ---_ ... --- ... .. -- .- ........... . ... ,." ............... .... . .. , ... . 
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V/hile the ratios of the mean copper content to the 
threshold value in the plant samples from the Turkey Creek 
Area are less than the corresponding values for zinc from 
the LOd~rea, it is evident that the percentage of results 
for copper above the threshold level compares favourably 
with the results for zinc from samples from the Lode Area. 
In view of the high percentage of plant samples con-
taining above-threshold levels of ore-metal from areas of 
copper and zinc mineralisation, it would seem that little 
advantage is to be gained by using the copper:zinc ratios 
in plants as a means of defining mineralisation rather than 
the levels of copper and zinc in the plants alone . 
If the former method were used in this region , the 
writer would suggest that, assuming a reasonable number of 
plant samples , a mean copper:zinc ratio below 0 .1 should 
be considered anomalous for zinc, and one above 1 . 0 ano-
malous for copper . These figures contrast with those quoted 
by Warren and Delavault, (1949), who state that a mean 
copper:zinc ratio below 0 . 07 should be considered anomalous 
for zinc, and one above 0 . 23 anomalous for copper . 
As regards the lead content in plants , only 34% (25% on 
an oven-dry weight basis) of the samples from the Lode Area 
are above the threshold level for this metal, while the 
ratios of the mean anomalous to threshold values in the ash 
and oven- dry material are only 4:1 and 1 . 7:1 respectively _ 
It would appear , therefore, that a lead deposit is less 
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I'\\ ~ th od ~ 
e~sily detected by biogeochemicalt than either copper or 
zinc mineralisation. 
Conclusions 
-------
(i) . SaI:1ples of hcrbaceous plants gro\lving in areas remote 
frorr- mineralisation in the Dugeld River Area contained zinc) 
copper and lc~d, in decreasing order of ablndance . The mean 
background values, based on sixteen samples of the lea~Jes 
of the grass, Tr.:ioq.ia .2.l.lpg.ep.§.., colle cted along a trQverse 
follovrinp- the Mt . Isa - Cloncurry road were :- for copper 
44 (2.42) ppm , for le.s.d <10 «1) ppm , and for zinc 119 . 3 
(6 . 52) ppm . (rhe mean copper- zinc ratio in these samples 
(ii). The threshold level in plants, (defined as the mean 
background value plus twice the standard deviation from the 
mean), pere as follows : - for copper 70 ( 4 ) ppm , for lead 
20 (2) ppm , and for zinc 220 (13 ) ppm . 
(iii) . Analysis of pl ant samples from areas of copper and 
lead- zinc mineralisation indicated that plants absorbed 
appreciable quanti ties of these metals "!hen present in 
abnormal amounts in the rooting medium . 
(i v) . Uptake of copper, lead and zinc .varied from one 
plant species to another . On the evidence provided by the 
shrub, T~'pprosi....:~ sp . nov o (Dugald River MMC/DHJP No . 5), 
and the perennial herb, Polycarpaea .Jl.l..?-bra , it would appear 
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that perennial plants generally absorbed higher quantities 
of these metals than the semi-perennial species, such as 
Eri..?-_chn_~ __ l1l.u_c_r.op.ata . The annual sedge , Bulbo_s~li_s_ bar.E_~_t.§: , 
is excePional~ in that it contnins comparatively high 
amounts of copper~ lead and zinc even when growing in soils 
relatively poor in these elements. The other annual sedge 
sampled , ]'j._m_b_r:t.~t.xJ-i...§. sp. (Dugald River L'Il'.1C/DMJP No . 279), 
however, shows no decided metal enrichment . 
(v) . The distribution of copper, lead and zinc within the 
aerial parts of the plants varied from species to species 
and according to the metal in question . In Jephrosia sp . 
nov ., the maximum values for copper and zinc , on an oven- dry 
weight basis , occurred in the l eaves~ and the lead maximum 
in the stems . Samples of the f l owers and fruit of this 
species contained relatively high copper ~nd zinc contents 
in plants growing on soils poor in these metals , but in plant 
from the vicinity of mineralisation these parts contained 
low amounts of ore -metal . In P. glabra , the highest copper 
content was found in the stems , that for lead in the flowers 
and the zinc maximum in the leaves . The maximum values for 
all three metals in B. barbata occurred in the flowers . In 
the one sample of Fimbristylis sp . where separation of the 
flowers, leQv('s and stems wa s pOSSibl e, the highest v8.1ues 
for all three ~etals occurrod in the flowers . 
(vi) . The analysis of samples of Tephr:~~i~ sp . nov o from 
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areas not known to be mineralised indicated that, in at 
least one occurrence, the sample contained above-threshold 
quantities of zinc, and the underlying soils also contained 
slightly anomalous concentrations of this metal. In u second 
occurrence, the plant marked the site of a minor copper 
anomaly in the underlying soil, but the level of this metal 
in the plants was not markedly above the threshold level. 
These anomalous values may indicate mineralisation at depth, 
but this point requires further investigation. 
(vii). In two out of the three samples of Eriachn~_~~cronatl 
collected in areas which were apparently devoid of mineral-
isation, the level of zinc in the plant ash was at or near 
the threshold level, while onc sample gave above-threshold 
results for copper. Moreover, one sample was collected from 
soils containing slightly anomalous quantities of copper, an 
a . second from soils containing above-threshold concent-
rations of zinc . It is apparent that the occurrence of this 
species in areas remote from known mineralisation may indi- I 
cate minor zones of copper and zinc enrichment in the soils . 
It is not known, hovrevel', whethr>Y' thn.se anomalous values in 
both plant and soil are related to mineralisation a t dQp~h . 
(viii). Generally speaking, the species .most frequently 
associated vdth mineralisation , i.e., Tephr9sia sp . nov., 
barbata, shovled a higher degree of enrichment in copper, 
--~ .. ... 
lead and zinc than the more widespread Triodia pungens, 
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even when growing in soils containing equivalent concent-
rations of these elements . This may suggest that the former 
species arc adapted to survival on the metal-rich soils of 
the ore-deposits by ability to absorb l arger amounts of 
metals without injury than T. pungens. F~mbristylis sp . 
occupied an intermediate position as regards metal enrich-
ment, between the species occurring on the highly toxic 
soils, and T. pungen~ . 
(ix) . The ash of samples of Eriachne mu~ron~tn collected 
over l ead-zinc mineralisation was appreciably higher in 
manganese and lead than samples of Triodi0-_ pungens. from 
neighbouring un-mineralised shales. Zinc and silver showed 
a lesser degree of enrichment in the E. mucronata sarr.ples . 
The soils over the lend-zinc mineralisation contained 
larger quantities of zinc, lend and silver than the soils 
on the un- mineralised shales. 
These facts suggest that ~m1~:9.r_C2..natn is better adapted 
to withstr>.nd higher concentr'lt-Lons of zinc, lCQd and silver 
than T ~ pungeps~ possibly by adaptation to absorb l arger 
amounts of these met~ls than the latter species . Of the 
three metals , silver shows the most marked increase across 
the boundary between the ~ pup~qns and E~u~r~n~ta zones . 
The increased absorption of manganese by E . mucronnt_G: comp-
ared with the level in ~. pung~n~ may be related to the 
higher iron content of the rocks underlying the ~.' }1UC?.r~ata 
zone. 
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(x) . At the higher concentrations of soil copper, the 
level of this metal in the plant ash wns below that in the 
underlying near- surface soils . At the lower concentrations, 
however, the situation w~s generally reversed . The curves 
of the copper content in the plant against that in the l1Y1rl s_~ 
I 
lying soil in the species Tcphrosia. sp . nov . B.nd ~J:t8.Ch11~_ 
mucr.on5..tn. showed r.mrked inflections at soil copper contents 
of 1000 ppm ~md 3000 ppm respectively. This suggesiS ·that 
E ~_ n1U_c!'.oI~nj;_~ may be nble to withstand higher concentrntions 
of soil co~per than Tephrosi£!: sp , nov . , 2. suggestion which 
is supported by their observed distribution in the vicinity 
of copper mineralisation . Above the inflections , the level 
of copper in the plant increased more rapidly than that in 
the underlying soil, while. belov! the inflections the 
increase in the plant was at a lower rnte than the incrense 
in copper content in the underlying soil . 
(xi) . The concentration of lead in plant ash was 
below that in the underlying near- surface soil . In the 
species TephrosiQ sp . nov " Eriac}lp.e mucronQta and ~riodi8:. 
pungen~, the curve of the lead content in the plants against 
that in the underlying soil showed prominent inflections. 
In J~~hS~3~~ sp . nov . , the inflection takes place at a soil 
lend content of 1000 ppm,in ~~_~ucronata at 1500 pp~ and 
in .T_,_"pungeE2_ '1t 600 ppm. 
As in the case of copper, the inflections are concave 
upwards; i . e . , belo~ the inflection points the level of 
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in the plants increased Ii10re slowly thrul that in the under-
lying soil, while above the inflections the reverse W2.S thc 
case. 
The variation in the position of the inflection point 
may be related to different degre~ of rosistQnce to lead 
stand hiBher soil lead contents than T. ]ungens . This is in 
agree~ent with the observed distribution of the three specie 
in the vicinity of lead-zinc miner~lisation . 
(xii) . The inflections in the curves of copper and lead 
content in plant material against their concentration in 
the underlying soil in the species ~e..:Q..hro_sia. sp. nov . and 
Eriachne mucronata may indicate intraspecific variation. 
----.- ---_ .. ..- . - -" 
.1\.1 though experimental work would be requir.ed to confirm 
this, it is suggested that, within these two species, sepa-
rate strains have been evolved which, by their ability to 
absorb abnormal concentrations of copper and lead without 
injury, are adapted to grow on soils rich in these P1.etnls . 
This ma.y serve as an explanation of the variation in the 
rate of metal uptake shown by the plants, and also of their 
distribution patterns; i . e ., in the vicinity of mineralisat- , 
~ ..... : ·~1 -':U'l':;', l.J!lUlle;h ] ess fl'equently, in areas where the soil 
contains low COn(;(::lJ l;.t"(;l. Lluns of copper and lead . 
(xiii). In J_ri.9_dia pungen~, the curve of the copper con tent 
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in the pl ant against the soil copper content sho\'TGd no 
marked inflection, but that for lead showed a similar 
inflection to those in the above- named species . This may 
suggest that J . pungens has also evolved a separate strain , 
c~pable of withstanding higher concentrations of lead than 
the ~ore widespread strain which grows in soils low in this 
metal . 
(xiv) . Although insufficient analytical data is cvailable , 
intraspecific variation may also explain the distribution 
patterns of the other species associated with mineralisation 
i . e . , roJ~arpaea __ gJ_C!:.bra, ]?ulbos tylis _b..,:'1rb[lta and ~J-mbrist..Y.­
!-is_ sp . All may occur in the vicinity of ore- deposits, and 
a lso in a~e2S devoid of mineralisation. In the case of 
P . Jdabr..9:., however , analysis of samples from an occurrence 
in the quartzite Range gave anomalous values for copper, 
lead ~md zinc, though the plants "vere growing in soils and 
stream sediments low in these metals , This may suggest that 
this plant, initially adapted to growing in soils containing 
toxic coneentrations of copper, lead and zinc by its ability' 
to accumulate these metals without injury, is now beginning 
to migrate into barren areas but has retained this charactel 
istic . 
(xv) . In contrast to the curves for copper and le ad , the 
curve of the plant zinc content in the species TephIosi~ 
sp . nov . , ~ri_a_chn~_my_c.r_op.at..:':l: and TrJ_oA.i.Q....P..£nger1.s. against 
the concentration of this metal in the underlying near-
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surface soils showed a linear relationship. Thus, the zinc 
content in the plants increased at a constant rate with in-
creaseinthe level in the soil. In the graphs of plant metal. 
content against soil metal content in the species Tephro~ia 
sp . nov. and ~.r.i..?-.chn_e __ m~c.r.onata, some groupings of the point: 
for zinc are evident. This is related to the nature of the 
occurrence of the two species; i.e., on the zinc-poor soil 
of the Turkey Creek Area and areas remote from known mineral· 
isation, and on the zinc-rich soils of the Lode Area . 
(xvi). Ninety- one percent (as regards both the copper 
content in the ash and in the oven-dry material) of the 
samples collected in the vicinity of the Turkey Creek copper 
occurrence contained concentrntions of this metal above the : 
threshold level. The ratio of the mean of the determinations 
for copper in all aerial parts of the plants from this area 
to the threshold level wns 6:1 on a ppm ash basis and 5 :1 
on an oven-dry weight basis . 
(xvii) . Of the plant samples (all aerial parts) collected 
in the Lode Area, 34% (255-; on an oven-dry weight basis) 
contained concentrations of lead above the threshold level . 
The ratio of the mean of the determinations for lead in the 
samples from this area to the threshold level for plant ash 
was 4:1, and 1.7:1 for oven-dry oaterinl . 
(xviii) .Ninety seven percent of the determinations for zinc 
made on plant samples (all aerial parts) fron the Lode Area 
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gave results above the threshold level for zinc in pl~nt 
ash . On an oven- dry weight basis, 96% of the samples from 
this area contained above - threshold values for zinc . The 
ratio of the mean zinc content in the ash of samples fro~ 
the Lode Area to the threshold level was 33:1, while the 
corresponding ratio on an oven- dry weight basis was 24:1 . 
(xix). The difference between the mean copper:zinc ratios 
in plant snmples (all aeri[l,l p'lrts) from the Lode Area and 
the me2n background vnlue wns highly significant in a 
statistical sense. Likewise, the difference between the 
mean ratio in the samples from the Turkey Creek copper 
occurrence and the mean background value was a lso highly 
significant . Examination of the results indicate that a 
mean copper:zinc ratio below 0 .1 for plants was p~donbljva 
±nd:i cative 'of zinc .. mineralisation in the unde.r+ying rocks, 
and a mean value above 1.0 indicative of copper minoralisati 
(xx). In view of the high percentage of samples from the 
vicinity of both copper and zinc mineralisation which cont-
ained anomalous concentrations of ore- metal, it would appear. 
that little advantage is to be gained, in biogeoche~ical 
prospectinlS , by using the co ~ per:zinc ratio in plant saP1ples 
rather than the absolute values for these metals .'1.1one . It 
is pOSSible, however, tho.t further research in arens where 
the knovm ore- deposits were covered by a grec.ter depth of 
overburden than in the Dugald River Area might indicate 
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that the copper:zinc r a tios were more useful in locating 
copper and zinc mineralisation than the absolute vnlues 
for these metals in plants a lone. 
(xxi) . The low percentage of sa~ples from the Lode Area 
containing anomalous concentrations of lead, and the low 
ratio between th6 mean of the determinations from this area 
to the threshold level, suggests that the detection of lead 
mineralisation by biogeo chemicnl methods in this area mi~ht 
be more difficult than detection of copper or zinc deposita. 
(xxii) . Widespread variations in metal content occurred 
among the different aerial parts of the pl~nts sampled , bot! 
as l'eg::>.rc1s the species and thc rr..ct2.1 in question . In saI1pli:r 
f or biogeochemical prospecting , therefore, preliminary testE 
I' 
should be carried out and sampling should , where possible , 
be confined to one part of one species . 
(xxiii) . Since nifferent plants from one aren varied in 
their uptake of copper , le ad and zinc , sampling in biogeo-
chemistry should prcfo.rnbly be restricted to onc species . 
In view of its abundance and wide distribution, Triodi~ 
pungen~ would appear to be thc most suitable sampling 
medium of the herbaceous and shrub specics in this region . 
Though the majority of the species associated with miner~l-
isation showed 0. more decided enrichment in copper , lead anc 
zinc than samples of T. pungens from the same area, the 
former have a more restricted distribution and hence are 
of less value in biogeochemical prospecting . As previously 
" 
- 2f8 -
mentioned, however, their occurrence in regions not known 
to be mineralised mRy indicate minor zones of copper nnd 
zinc enrichment in the underlying soils . 
If J~_pun~cns is replaced by other species over p~rt 
of the C.ree'.. under investigation, thcn sufficient sampl (: '" o: ! 
these species ~:md T. pungeB~ should be collected from 
localities where they groVl together to provide information 
for the establishment of suitable correlation factors . 
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SECTION E: SUMMARY OF CONCLUSIONS REGARDING VEGETATION 
DISTRIBUTION IN THE DUGALD RIVER AREA 
(1). Summary of con~lusions on the distribution of the 
maj or veget8:t.i0!1~j.ts 
(i), The Low T~ee end Shrub Savanna sub-formation 
occu:pies the major part of the Dugald River Area . It 
OCC1J.::'s over a re12.ti vely wide variety of habitats, rang:..ng 
f~():n shallow acid soils on uplend regions to deep alluY~i...al 
soils on the plains. The unit comprises a fairly open 
cover of low trees, principally Eucalyptus spp., and a 
sparse to mid- dense shrub layer dominated by Acacia c_h\~.­
hQJ:rni and Cariss~ lanceolata . The coarse xeromorphic gl"C.8C 1 
JriodiR_pungens, is the most widespread member of the 
herbaceous stratum, though the tall herb , Cleome viscosa, 
and the annual grass, Sporobolus australasicus, are also 
important . Thickets of Acacia cambagei are found on scat -
tered remnants of lateritic soils , while a Savanna Grass-
land of Astrebla pectinata and Iseilema macrathera occurs 
on heavy clay soils near one of the major rivers . The 
latter are lined by a fringing stand of tall trees. 
e· 
The various sub-formations differ not only structur-
ally, but also floristically. In general; little species 
carry-over takes place between the three major unitsy 
whereas within the Low Tree and Shrub Savanna, which com-
prises five associations , many species carry over from one 
association to the next. This may be related to the fact 
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that the Thicket and Savanna Grassland sub-formations are 
found on soils differing markedly from those occupied by 
the Low Tree and Shrub Savanna . As stated above, the 
Thicket sub-formation occurs on relicts of lateritic soils 
which are very high in iron but low in phosphorus~ The 
Savanna Grassland is developed on heavy clay soils, which, 
by virtue of their low elevation and fine texture, are 
water-logged during the wet season . 
(iii) . Although the various factors of geology, geomorph-
ology, reli ef, soils and drainage are all interrelated and 
in part interdependent, it would appear that these factors 
which influence the availability of water to the plants 
play a dominant role in the distribution of the vegetation 
units . The nature of the soil is of particular importance . 
The texture and depth largely determine the drainage 
status, while variations in the soil reaction see~ to 
influence the distribution of several of the associations 
within the Low Tree and Shrub Savanna . 
(iv) . The major and trace element content of the soils 
varies both between and within the various soil types, and 
within areas occupied by individual vegetation associations . 
The generally low level of correlation between the major 
and trace element status of the soil and the extent of the 
vegetation units, suggest that the factors described under 
(iii) above have a greater affect on their distribution. 
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(2) . Summary of conclusions on the distribution of plant 
species associated with mineralisation 
(i). The normal Low Tree and Shrub Savanna, character-
istic of skeletal soils in the Dugald River Area, is absent 
over outcropping or sub - outcropping lead- zinc mineral-
isation, and over copper mineralisation when set in silic -
eous or argillaceous host rocks . The more widespread 
species are here replaced by an assemblage of Tephrosia sp . 
novo, (Dugald R. MMC/DMJP No . 5) , Polycarpaea glabra, 
Eriachne mucronata , Bulbostylis barbata and Fimbristylis 
sp., (Dugald R. rvllVrC/DlVIJP No . 279) . The last- namecl species 
is largely confined to zones of copper mineralisation in 
the hangingwall of the Dugald River Lode . With this 
exception, the assemblage species are equally abundant on 
lead- zinc as on copper mineralisation . 
(ii) 0 Although most abundant in the vicinity of the ore-
deposits , the assemblage species also have a scattered 
distribution in regions where mineralisation is unknown . 
In these localities , however , they have not been observed 
growing together in distinct assemblages as over the 
mineralised zones . 
(iii) . Within the mineralised areas , P . glabra , E. mucro-
nata and B. barbata are generally restricted to those reg-
ions where the tenor of the ore- metals in the soil is 
extremely high . On the other hand , Tephrosia sp. nov ., 
which tends to avoid these zones , is found on soils having 
- 272 -
a wider range of ore- metal content than the former species. 
T.i~Qri?tylis sp _ occupies a rather intermediate position 
in this respect . 
( -; ,- ) \..J... ( . Factors of relief , drainage , soil texture and depth 
,::- n c. -'che m3.jor c;lement content of the soils seem to have 
-L:: ' :/~l G "'ffect on the extent of the assemblages developed 
O'.~ 8 ~:' the ore-deposits 0 High phosphorus contents in the 
soils of these areas may have an influence on the distrib-
utiorr of the assemblage species , but it appears that the 
dominant factor is the large quantities of ore- metal in 
the rooting medium . No single metal has emerged as having 
a: more decisive influence on plant distribution than any 
other: though it is possible that copper , lead and silver, 
(which is present in minor amounts in the lead- zinc 
deposit), are more important than zinc , (see viii). 
(v). The herbaceous and shrub vegetation growing over 
the mineralised zones shows considerable enrichment in the 
corresponding ore- metals. The general level in the plant, 
and rate of increase in the plant compared with the concent-
ration in the underlying soil , decreases in the order zinc , 
copper, lead . Samples of Triodi'a ·p,·ung:eIlfr, . \~hich 'was '.:J 
selected as representative of the more widespread pl ants , 
showed a lesser degree of metal enrichment in these areas 
than samples of the assemblage species from the same local-
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(vi) • From their areal distribution, it is apparent that 
the species associated with mineralisation are well-adapted 
to survival on the metal-rich soils of the mineralised 
zones. The higher metal enrichment shown by these species • 
compared with T. pungens (v), suggests that this adaptat-
ion lies in a better ability to absorb large amounts of the 
ore-metals than the more widespread plants . 
(vii). Marked variations occurred in the rate of increase 
of the plant lead content in Tephrosia sp. nov., E. mucro-
~ and T. pungens compared with the rate of increase in 
the lead content in the soils underlying the sampled 
plants . Similar variations occurred in the case of copper 
in the first two species . These variations may be related 
to intraspecific variation within the plants . It is sug-
gested that the species normally associated with mineral-
isation have evolved separate ecotypes , better- adapted to 
survival on the ore-deposits, (by ability to withstand high 
concentrations in their tissues), than the strains occurr-
ing in apparently un- mineralised areas . The variation in 
the rate of increase in the plant lead content in T. pungens 
may indicate that this species has also evolved a separate 
strain which is tolerant of the lead-rich soils associated 
with the lead-zinc miner8.lisRtion. It is emphaSized , how-
ever, that growth experiments are required to confirm theoo 
Suggestions . 
(viii) . In contrast to lead and copper , the concentration 
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of zinc. in the aErial parts of Tephrosia sp . nov., ~ 
mucronata and T. P~l1.~l1~ shows a roughly linear increase 
with rising concentrations of this metal in the underlying 
soils. This suggests that zinc is less toxic towards 
vegetation than the other ore-metals. This is in part 
borne out by the fact that the more widespread species can 
apparently withstand higher concentrations of zinc in the 
substrate than copper or lead. Moreover , the rate of 
increase: :in plant material, and the degree of enrichment 
in the plants , are higher for zinc than in the case of the 
other ore-metals. 
(ix) • Separate occurrences of Tephrosia sp . nov o and E. 
mucronata in regions which are apparently barren of mineral 
isation may mark the sites of minor copper and/or zinc 
enrichment in the underlying soils. In some cases the 
plants from these areas contain slightly anomalous concent-
rations of copper and zinc . This enrichment in both plants · 
and soils may be related to the presence of mineralisation 
at depth, but at present this has not b een proved . P . 
glabra, B. barbata and Fimbristylis sp . are comparatively 
rare outwith the mineralised areas , and in barren regions 
shOW no distinct association with zones ' of metal enrichment 
in the underlying soils. 
ex). The deposits of outcropping and sub- outcropping 
lead- zinc and copper mineralisation are generally devoid 
of tree, and , apart from Tephrosia sp . nov ., shrub species. 
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With the possible exception of Eucalyptus terminalis, 
which appears to be able to withstand higher concentrat-
io~s of the ore- metals in the rooting medium than other 
trees, none show a direct affinity with mineralisation. 
(3). S~ar~Q~p~~l~~ions regardi~g the plant prospe~tin@ 
methods 
(a)o Indicato~2llt prospecting 
(i). From El. rapid survey of several copper deposits in 
the Mt. Isa-Cloncurry mineral field, it appears that the 
species associated with mineralisation in the Dugald River 
Area retain their characteristic link with ore-.deposi ts 
throughout the region. By virtue of their distinctive 
appearance , which render them visible from a distance of 
several hundred feet, the species Tephrosia sp . nov., 
Polycarpaea glabra and Eriachne mucronata would seem to be 
the most valuable as indicators of mineralisation~ 
(ii) . Tephrosia sp . nov o is a leguminous shrub, growing 
to a height of 2 m., with bright green foliage , small coral. 
inflorescences and a light brown barko In the Dugald 
River Area it generally occurs over a wider area in the 
vicinity of mineralisation than the other indicator plants, 
and hence would seem to be the most useful in reconnaissanCE 
prospecting . The plant is also found in areas not known 
to be mineralised, but at some of these localities the 
shrub marks the site of minor copper and zinc anomalies 
in the underlying soil . These may be related to mineral-
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isation at depth, but this point requires further invest--
igation . 
(iii). The perennial herb, ~ . glabra, occurs less frequent-
ly in regions apparently devoid of mineralisation than 
Te~~Iosia sp. novo The plant is most abundant directly 
over the zones of outcropping lead-zinc and copper mineral-
isntion, where it forms sm2.11 clumps, up to ten inches in 
height. This species is again easily recognised from a 
distance by virtue of its pinkish-white flowers. 
(iv)n Eriachne mucronata lends a very distinctive appear-
ance to the vegetation over the ore-deposits in the Dugnld 
River Area. It grows in small tussocks, with numerous 
culms up to eight inches in height, sparsely covcred by 
small rigid leaves . TIuring the dry season the grass 
withers to a light straw colour, forming a marked contrast 
with the darker green colouration of Triodia pungens which 
generally dominates the herbaceous vegetation on neigh-
bouring, un-mineralised rocks. E~ mucronata also has a 
sparse distribution as a subdominant member of the "normal ll 
vegetation on acidic soils& Where it forms distinct, mono-
specific communities in these areas, however, the avail-
able evidence suggests that its occurrence is related 
either to mineralisation or to a zone of metal enrichment 
in the underlying soil . 
(v). It is apparent from the above that separnte occurr-
ences of the species associated with mineralisation in the 
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Dugald River Area are not necessarily related to an ore-
deposit at depth.. On the other hand, it is important to 
note that where the species form distinct assemblages, 
then the present evidence indicates that mineralisation 
is present in the bedrock below. 
(vi) . Although the indicator plants would seem to be of 
most value in reconnaissance prospecting for base metals, 
their distribution over known ore-deposits may also be 
useful as a guide to the surface extent of the mineralised 
zone, 
(vii) . The distribution of the indicator plants in the 
Dugald River Area suggests that they have a marked intol-
erance of basic soils. Hence copper mineralisation when 
set in calcareous host rocks, as in the limy calc-sili-
cates of the extensive Corella Formation , seems unlikely 
to be marked by the occurrence of these species. 
(b). Biogeochemical prospecting 
(i). Samples of herbaceous and shrub vegetation collectec 
over lead-zinc and copper mineralisation in the Dugald 
River Area show a decided enrichment in the corresponding 
ore-metals compared with the normal concentrations in herb-
aceous vegetation from barren areas. Plants collected fram 
areas with minor ore-metal anomalies in the SOils , however , 
were only slightly, if at all, enriched in these metals. 
Hence , on the present eVidence, analysis of herbaceous 
and shrub plnnts from regions where mineralisation is 
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unknown will only detect unsuspected ore-deposits where 
a considerable amount of ore-metal has been releG~8d into 
tho overlying soil or alluvium. 
(ii) • The percentQge of samples from regions of laad~ 
zinc mineralisation in the Dugald River Area containinG 
anomalous concentrntions of zinc was considero..bly highc:, 
than those with anomalous qucntities of lead. The cor~ec­
ponding perc entage from an area of copper m:;m.eralisatio:::1 
was similar to that for zinc. It appears, therefore, t:1.at 
the presence of unsuspected zinc and copper mineralisntion 
will be more easily detected by the biogeochemical method 
than deposits of lead ore . 
(iii). In view of the high percentage of samples from arem 
of copper and zinc mi~eralisation containing anomalous 
concentrations of the corresponding ore- metals, there would" 
seem to be little advantage in using the copper:zinc ratios 
in plants as a guide to ore rather than the absolute values 
of the metals alone. 
(iv) . Comparison of the concentrations of ore- metal in 
the flowers, fruits, leaves and stems of the plants anal-
ysed indicates that wide variations occur in the distrib-
ution of the metals . The distribution varies according 
to the species and metal in question , and, in some cases , 
according to the tenor of the metal in the soils . Thus no 
plant organ has emerged as showtng 0.. more consistent 
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relationship to the ore- metal content in the substrate than 
other aerial parts of the plant . After preliminary tests, 
therefore, biogeochemical sampling should, where possible, 
be confined to one part of a single species . 
(v)o With this in mind, the choice of a suitable medium 
for biogeochemical sampling largely depends on the abund-
ance ~nd distribution of the plants occurring within the 
area. The investigation in the Dugald River Area indicates 
that the leaves of Triodia pungens show a significant en-
richment in copper, lead and zinc when collected from 
plants growing 0ver deposits of these metals . Although 
the majority of the species comprising the assemblage over 
the ore- deposits show a higher degree of enrichment than 
T" pungens , they have a more restricted distribution and 
hence are of less value in biogeochemical prospecting . T. 
pungens is widespread , not only in the Dugald River Area , 
but also throughout the greater part of the Mt . Isa-
Cloncurry mineral field . It would therefore appear to be 
the most suitable member of the herbaceous and shrub veget- · 
ation for use as sampling medium in biogeochemical pros-
pecting for base- metals in the region . 
- 280 -
PART IV : THE BULMAN AREA 
Introduction 
The Bulman Area lies in the southern part of the 
Arnhem Land Aboriginal Reserve in the Northern Territory , 
(Fig . 40) . Outcrops of lead ore in the region had been 
discovered and worked during the years 1909- 1911, while 
further investigations in the years 1951- 1952 had revealed 
the presenc8 of high- grade oxidised zinc ore , (Sturmfels, 
1952). 
The vegetation of the region, dominantly Savanna Wood-
land though Savanna Grassland is also important , differs 
r 
in structure and specific composition from that in the 
Dugald River Area. Moreover , the soils , geology, and host 
rocks of the mineralised zones at Bulman bear little res-
emblance to those in the former area. These factors afforde 
suitable contrasting conditions for study of plant distrib-
ution in the vicinity of mineralisation. 
The geology of the area was fairly well known from 
work by Company geologists , and one of these , (Sturmfels , 
ibid) , has commented on the close correlation between the 
distribution of certain plants and the ore- deposits . A 
preliminary survey by M.M. Cole had also led to the dis-
covery of Polycarpaea sp±t ostylis at certain localities 
within the region . This species has been reported as 
occurring in the vicinity of copper deposits in eastern 
Queensland by Skertchley, (1897) . 
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The major occurrence of lead-zinc ore in the region 
lies in dolomite, limestone and chert rocks , which form 
two low hills rising above an alluvial plain. These have 
been termed Areas A and B. The factors influencing veget-
ation distribution were also studied in a second area, 
the Weimool Springs Grid . Mlneralisation has not been 
proved at this locality, but several plants , (including 
Polycarpaea spirostylis), associated with mineralisation 
in other parts of northern Australia, had been previously 
noted here. 
The programme of field work in the Bulman Area fol-
lowed similar lines to that at the Dugald River . The 
distribution of the major vegetation units was mapped 
throughout the region, and the factors governing their 
distribution investigated . This provided a background for 
the investigation of the plant assemblages occurring in 
the areas studied in detail . These were mapped at a scale 
of one inch to 100 ft . , and quantitative measurement of 
the variations in the vegetative cover made by transects . 
Soil and plant samples were collected for copper , lead and 
zinc determination. Little soil development has taken 
place over the upland parts of Areas A ,and B, but in the 
Weimool Springs Grid Area greater diversity occurs. Vari -
ations in the soil cover at the latter locality have there-
fore been studied in profile pits . 
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SECTION F: THE CLIMATE, GEOLOGY, PHYSIOGRAPHY AND SOILS 
(l)~ Climate 
The area has no climatic stations , and hence accurate 
statistics are not available . However, Specht and Mount-
ford, (1958) , report that records for Mainoru Homestead;, 
(Fig. 40), show that in the period 1954-1957, the average 
rainfall was about 27 ins . per annum. This , they consider, 
is exceptionally low, and from the evidence of the rainfall 
map, an average of about 35 ins. can be expected . 
The climate is tropical, with well-defined wet and dr¥ 
seasons, the first extending from October to the end of 
March" During the dry season the dominant winds are from 
the south-east, but in the summer the wind direction is 
reversed with the onset of the north-west monsoon. There 
is then a consequent increase in temperature and humidity . 
Light showers, mists and morning fogs are quite common in 
the dry season, while dews occur throughout the year . 
Mean monthly rainfall and temperature figures for Darwir 
and Katherine, (Fig. 40), are shown in Table 27 . It is 
probable that the climate of the Bulman region is closer 
to that at the latter station . 
The climate of the Bulman Area resembles that of the 
Dugald River in the seasonal distribution of the rainfall 
and the cGinciden~e of the period of maximum temperatures 
with that of high rainfall. At Bulman, however, the in-
creased influence of the summer monsoon produces an average 
Table 2..1 Mean Monthly Rainf~ll~d T£ffiperature Figures f or Darwin and Katherine , 
(after Perry, 1960) . 
Oct .- Apr . -
Jan . Feb . Mars Apr . IJfay June July Aug . Sept . Oct . Nov . Dec . ~lars Sept . Annum 
Rainfall 
- - --
, Darwin, 
: inches 16 . 18 12 . 37 11 . 18 3 . 08 0 . 33 0 . 09 0 . 01 0 .60 0 . 60 1 . 93 4 . 32 8 . 57 54 . 55 4 .13 58 . 68 
Katherine, 
inches 9 . 14 7 . 07 5 . 89 0 . 73 0 . 27 0 . 12 0 . 03 0 . 01 0 . 16 1 . 15 3 . 02 7 . 81 34 . 08 1 . 37 35 . 45 
................ . .... ,' - _ . . . . ... ....... 
I· ... .......... _.. ........ .. .... .. .. .................... .......... ...... .... ........... ...... ..... ................ .. ............. . 
: Tern,Eera t~r.e. 
Darwin, 
Max . 89 
(14 years) 
Min . 77 
, 
i o 
, F . Range 12 
" 
! Katherine, 
I Max . 95 
I (15 years) I Min . 75 
l a ; F , Range 20 
88 
76 
12 
94 
74 
20 
89 
76 
13 
95 
73 
22 
90 89 86 86 88 90 
74 71 68 67 69 74 
16 18 18 18 19 16 
91 
77 
14 
91 
77 
14 
Nean 
90 89 
77 73 
13 16 
94 91 86 87 90 96 100 100 98 94 
68 62 56 56 59 67 75 76 76 68 
26 29 30 31 31 29 25 24 22 26 
I\) 
. . CD 
VJ 
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annual rainfall about twice that in the Dugald River Area. 
These factors have a marked affect on the vegetation 
of the region. Many of the trees are dry-season deciduous, 
thus cutting down transpiration during this critical period. 
The aerial parts of the perennial grasses die back in the 
winter, growth being resumed from vegetative buds at the 
onset of the following rains. The higher rainfall at Bul-
man leads to more rapid growth in the wet season compared 
with that in the Dugald River Area. Thus many of the gras-
ses reach a height of six to eight feet in the present area, 
while at the Dugald River the normal height of the herba-
ceous vegetation was only one to two feet. The dominant 
members of the tree storey at Bulman are also considerably 
taller than those of the latter region. 
(2). General geology 
Apart from the investigations by Sturmfels, (1952), 
and Campbell, (1956), little work has been carried out on 
the geology of this part of the Northern Territory. 
The age of the rocks outcropping in the Bulman Area 
is not definitely known, estimates ranging from Upper Pro-
terozoic to Middle Cambrian. They comprise three format-
ions, (Table 28), the beds of all three "being roughly 
horizontal over most of the region. As evidenced by frag-
ments of the Bulman Formation in the Weir Conglomerate, 
an unconformity is probably present between the two forma-
tions. 
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Table 28: Stratigraphical Sequence of th~ Rocks in the 
Bulman Area 
!Formation 
jWeir Conglomerate 
j : ................ .... ........................... - .. 
!Wilton Sandstone 
lBulman Formation 
Max . thickness : 
observed, (ft . ) . 
70 : Quartzites 
' derived from 
conglomeratef 
sandstones 
grits and 
'breccias 8 
Probable Dis-
conformity. .... :-- ..... ~ - -.- .... _.- .. - .. 
110 'Sandstones 
:with dol-l 
; omi te beds, 
lpartly sili- . 
!cified. 
( a) Altered ~ 
Quarttii±c. : Quartzi tes 
Alteration land silici-
fied rocks 
derived from 
limestones 
:and dolomi te~ 
Contact i'Siliceous ' 
Metamorphic 'dolomite roc} 
Alteration :with chert 
. rh) .. Urialt.::: · ~ .. f1.-?:Y~E.l3 ................... . 
ered :Limestones, 
(Bedded calc~dolomite roc1 
(areous ;and marls wii 
(facies ;sandstone 
( . ,layers. 
(Reef facies iMassi ve dolo~ 
( !mite rocks 
:formed of 
( ~ollenia 
:Sandstone- iUpper part 
limestone- linterbedded 
shale ;sandstones ar 
facies Idolomite limE 
:stones . Lower 
!part shale 
•••• D····. :-: 
< 
--,,"-/ r---
I ( .... ~.\ I ) ! •• : \.-,.{ I I ! • J 
/ I'" i.~." \ ... IC \ .-
'I 
\ , 
, 
" 
I 
I 
\ 
\ 
" 1\ 
Fig~ 41 Geological Map of Bu1man, 
showing studY-Areas 
I 
I, 
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Surface Crusts 
Zinc rich surface crusts with solid lumps of galena 
occur on Areas A and B. They do not appear to exceed a 
few feet in thickness even on Area A where they are best 
developed and cover several acres . They consist essenti-
ally of smithsonite and hydrozincite , with some solid 
lumps of galena only superficially altered to ceruss~te" 
Samples of the crust from Area A averaged 29.7% zinc and 
1 . 8% lead , and from Area B, 7.1% zinc and 1.1% lead. 
The superficial crusts have apparently been derived 
by oxidation of the ore in the decomposed dolomite rocks~ 
Sturmfels , (1952) , suggests that zinc carbonate bearing 
waters reacted with the fresh dolomite rock and the zinc 
carbonate was precipitated due to its low solubility as 
c ompared with calcium and magnesium carbonate. 
Unoxidised Ore 
The occurrence of unoxidised lead ore , and to a minor 
degree also of zinc ore as found at Bulman , in an area of 
low relief and tropical climate with a yearly rainfall of 
about 35 ins . is most unusual . The following explanations 
have been offered , (Sturmfels , ibid) . 
A. A more or less impervious cover of sediments of 
considerable thickness, which was removed only recentlY, 
prevented the access of oxidising agencies. It is posoible 
that the Prospect formed until Recent times part of the 
tableland still existing to the l:3ollth wes t, C::U1U Gontll ; 
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the su.rface would have been about 300 ft. higher than it 
is today. If this was so, it must be assumed that the area 
was uplifted and exposed to fast erosion in Recent times. 
B. Reducing conditions as they are found below a zone 
of lateritisation prevailed until Recent times . The late-
rite was removed by a young erosion o Recent uplift and 
erosion would be required, though to a lesser extent than 
in the above theory~ 
C. The carbonate rocks surrounding the lead-zinc 
occurrences were more soluble than the ore itself . Acid 
solutions attacked preferentially the carbonate rocks . 
Their leached and oxidised residues, (decomposed dolomite 
rocks), covered the ore completely~ Oxidation of the ore 
was thus prevented, particularly the oxidation of the gal-
ena, but for a thin skin of cerussite. In this case, it 
is not necessary to assume Recent uplift and erosion . 
Sturmfels remarks that, "it is realised that none of 
the above theories offer a completely satisfactory explan-
ation". In the view of the present writer , explanation B, 
or possibly a combination of A and B, is the most likely, 
since it agrees with the geomorphological evidence to be 
'Oresented later~ 
(4)~ Physiography 
The region lies on a gently undulating plateau, prob-
ably between 300-500 ft. above sea level , though the exact 
altitude is unknown . Above this general level rise the 
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steep -sided conical hills of Mt . Weir and Mt~ Marumba . 
The former , lying It miles south-west of the Bulman Pros-
pect , rises to a height of approximately 350 ft . above the 
plateau , while Mt . Marumba , about 4t miles to the east , 
is approximately 320 ft . above the general level . 
Each of the major rock types occurring in the area give 
rise to distinctive upland topography . To the north, much 
of the area is occupied by low rounded hills of chert , 
which masks the underlying bedrock ~ Dolerite outcrops as 
extensive areas of rocky country raised above the enclosing 
alluvial- filled vallies , (Plate 22) ~ The limestones , 
dolomites and cherts of the Bulman Formation form fairly 
steep- sided hills , frequently with the development of 
Karst topography in the softer beds , (Plate 30) . 
The area is drained by the Wilton River , which forms 
the eastern margin of the region mapped and flows south and 
east into the Gulf of Carpentaria . Permanent water is con-
fined to waterholes on the Wilton and to several limestone 
springs , the largest being Weimool Springs about 3t miles 
north-west of the Prospect . The springs give rise to 
intermittent ramifying streams , which flow eastwards across 
alluvial plains to join the Wilton River . 
(5) . Evolution of the landscape 
Within the Bulman region , three possible erosion sur-
faces have been recognised . From oldest to youngest these 
have been named Surface A, Surface B and Surface C. The 
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geomorphology of the area bears many similarities to that 
of the Daly River Basin, lying some 200 miles to the west, 
(Fig. 40), and described by Wright, (1963) . This author 
also recognises three erosion surfaces, which he terms, 
from oldest to youngest, the Bradshaw, Maranboy and Tip·-
peraray Surfaces . 
Surface A 
In the immediate Bulman Area this surface is represent-
ed only on the summits of Mt. Weir and Mt. Marumba. A 
further remnant, Mt. Jean, lies several miles north of the 
Prospect, but the main development occurs to the south, 
where the surface is represented on the summits of extens-
ive sandstone and dolerite hills . 
The oldest erosion surface in the Daly River Basin, 
Wright ' s , Bradshaw Surface , is associated with laterite 
development. In this region, intact lateritic profiles, 
i~e o ferruginous , mottled and pallid zones, occur on plat -
eaux and ranges . No intact profiles were found in the 
Bulman Area , but a thin veneer of laterite gravel, which 
probably represents ferruginous zone material, was noted 
on the SQ~it of Mt . Weir . This overlies about 70 ft . of 
silicified sandstones and conglomerates , presumably sili-
cified during the period of laterite formation. No mottled 
zone material was observed, but as this is generally made 
up of softer material it is possible that it has been eroded 
off the summit of Mte Weir , leaving a few remnants of the 
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overlying, more resistant, ferruginous zone. 
At Bulman, therefore, erosion of the oldest surface 
has apparently reached a more advanced stage than in the 
Daly River Basin. Whether the two surfaces are of the same 
age, however, would require extensive mapping in the region 
8e)~rating the two areas. 
f3_urf§:c e B 
This erosion surface is one of considerable extent. 
~o the north of the Bulman Prospect it occurs on the hill 
summits in an extensive area of undulating country under-
lain by chert. The chert is light-grey in colour with 
laminations of darker material, and generally has a fresh, 
unaltered appearance, In the Weimool Springs Grid area, 
(FigA 41), much of the chert is masked by 2 to 3 ft~ of 
laterite nodules and chert inclusions in a grey or reddish 
sandy matrix. This material is interpreted as a detrital 
laterite formed from the ferruginous zone of a stripped 
lateritic profile, while the underlying chert represents 
the pallid zone. The gradational, mottled , zone is repre.-
sented by traces of red and yellow mottling near the base 
of the laterite gravel horizon. 
In the Daly River Basin, the second oldest erosion 
surface , the Maranboy Surface, was developed by re-weather-
lng of the Bradshaw pallid zone. In most areas it was pro-
duced by stripping of the upper, less-silicified part of 
the Bradshaw profile, (Wright, ibid). The Maranboy Surface 
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is also associated with a lateritic weathering profil e , 
less deep , however, than that underlying the Bradshaw Sur·-
~c.c e . In the type area i~; comprises lateri tic grey and 
r ed earths underlain by about 6 ft. of ironstone in a 
s andy matrix . T.he ironstone is partly detrital and con .. 
tains fr agments of re .. cemented ironstohe and j.nclusions 
of pallid zone rock. This horizon overli es about 60 ft " 
of pallid zone rock, which is commonly powdery in e.rgil-
l aceous rocks, crumbly and honey-combed in coars e~ rocko , 
Secondary iron enrichment has occurred along jOint and 
bedding planes in the upper parts . This ma.terial is thouGrn · 
~c. 
to have been formed by desil).fication of Bradshaw pallic. 
zone rock, during re-weathering assooiated with the Maranboy 
Surfacee 
There is a general similarity between the Maranboy 
weathering profile described by Wright , ( ibid), and that 
associated with Surface B as exposed in the Weimool Springs 
Grid 9 However, they differ in the absence of the lateritic 
grey and red earths~ Another, more important difference , 
is that the Surface B profile at Bulman shows Itttle indic -
le. 
ation of desilici~ation or secondary iron enriohment~ 
Wright states that , "although the pallid zone under-
lying the Maranboy ferruginous zone has ' been identified 
with the Bradshaw pallid zone , the powdery and honey~combed 
texture are in strong contrast with the resistant Bradshaw 
silicified rook which typically occurs beneath it " " 
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As previously mentioned, however, the pallid zone 
material underlying Surface B in the Weimool Springs Grid 
is strongly silicified, and in this respect it resembles 
the presumed pallid zone rock underlying Surface A as ex-
posed on the summit of Mt. Weir. It is therefore possible 
that the two profiles are of the same age, the difference 
in elevation, (100 to 200 ft . ), being due to variations in 
the original relief of Surface A. 
If this be the case, then only one period of laterit-
isation has occurred in the Bulman Region , i.e. that 
associated with Surface A. This agrees with the findings 
of Stewart, (1956) , for the Katherine-Darwin area, who re-
ports only one period of laterite .formation , probably in 
the Tertiary . From his description , the laterite profiles 
exposed in the Bulman Region would appear to have been 
formed during the same period o 
Around the Bulman Prospect itself, much of Sur~ace B 
has been destroyed by subsequent erosion , but it is still 
preserved on the summits of the limestone , dolomite and 
dnlerite hills in this area , and as rock-cut terraces on 
the lower slopes of Mt. Weir . These show a rough summit 
accordance with the chert hills to the ncrth. 
Surface C 
This is the youngest erosion surface occurring in the 
Bulman Region . It forms broad plains covered by Recent 
alluvium, (Fig. 41,), cut below the level of Surface Band 
- 294 -
separated from it by low, discontinuous escarpments. The 
surface has apparently advanced by erosion of the bedrock, 
as around the Bulman Prospect, and by removal of the fer-
ruginous and pallid zone material associated with Surface 
A. 
At the present day·the plains are masked by a variety 
of alluvial deposits, including heavy black clays, fine 
grey calcareous material, and stretches of fine white 
material, the "Bull Dust", apparently derived by erosion 
of pallid or mottled zone material. 
Stewart, (1956), has postulated a rise in sea level of 
some 200 ft. in the Pleistocene for the Katherine-Darwin 
area. Extensive estuarine alluvium has been formed, while 
the more mature streams of the hinterland have deposited 
wide flood plain deposits. 
In view of the proximity of the two areas, (Fig. 40), 
it is probable that the Bulman Region was also affected by 
this submergence. The consequent rise in base level les-
sened the erosional powers of the rivers, and allowed the 
deposition ~f the extensive alluvial deposits. 
Surface C bears many similarities to the Tipperary 
Surface of Wright, (ibid), in the Daly River Basin. In the 
lower parts of this unit, however, even younger erosion 
surfaces are developing at the pre'sent day. 
The geomorphological history of the Bulman region may 
be therefore summarised as follows: 
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(i). The formation of Surface A, probably in the mid-
Tertiary; on this surface deep lateritic profiles were 
developed 4 
(ii). Uplift and erosion, leading to the destruction 
of Surface A, apart from isolated remnants such as Mt. 
Weir. Surface B was developed by re-weathering of the 
lateritic profile associated with Surface A. 
(iii). A final period of uplift , with erosion of the 
earlier surfaces and the initiation of Surface C. 
(iv). A rise in sea level in the Pleistocene, with 
consequent rise in the base level of the rivers and 
the accumulation of erosional products on Surface C. 
(6) . Soils 
The soils being formed in the Bulman Region at the 
present day are relatively immature . Basically they com-
prise skeletal soils and soils developed on alluvium . In 
addition , a large part of the area north of the Bulman 
Prospect is occupied by soils derived from the ferruginous 
and pallid zones of a lateritic weathering profile , thought 
to have been formed during the Tertiary , (see previous sect-
ion) . Weathering of the ferruginous zone has given rise 
to relatively shallow , fine-textured , soils with abundant 
laterite nodules and inclusions of pallid zone rock. Where 
the ferruginous zone has been removed by erosion , weathering 
of the underlying pallid zone rock has produced a variab l e 
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depth of reddish clay with abundant inclusions of pallid 
zone material . These soils are more fully discussed in 
the description of the Weimool Springs Grid, (Section i)& 
( a) . Skeletal Soils 
Skeletal soils nacur on the upland areas surrounding, 
and including, Areas A and B, (Fig . 41) . The soils are 
shallow and gravelly and lack profile development . Over 
the limestone and dolomite hills the gravel fraction is 
dominated by fragments of the chert rock with which the 
carbonate rocks are interbedded . Presumably the weather-
ing products of the less resistant limestone and dolomite 
have been largely removed in solution in rain water . On 
the dolerite hills , pockets of coarse, granular rotted 
dolerite occur between rounded boulders and outcrops of 
the underlying bedrock, (Plate 23)" 
The upland areas are surrounded by a bordering zone 
of finer-textured soils, in part skeletal and in part devel-
oped from material washed down from the neighbouring high 
ground . At the base of the limestone , dolomite and chert 
hills the soils generally consist of a dark brown to grey 
sandy clay or clay with rock fragments . At the foot of 
the dolerite hillS , the soils are of coarser texture , con-
sisting essentially of dolerite in all stages of decompos-
ition . 
(b) . Alluvial Soils 
Regions of lower elevation in the Bulman Area are large-
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ly occupied by Recent alluvium, (Fig. 41). By far the 
most abundant type is a dark grey or black clay soil which 
gives rise to the "Black Soil Plains". The plains are 
seasonally flooded and, as the soil dries out, deep vert-
ical cracks are developed. The soils are basic on the sur-
fac e, (pH 7-8). 
South and east of Weimool Springs permanent swamp cond-
itions exist along the small streams draining the Springs. 
In this area, extensive stretches of fine-textured calc-
areous soils were encountered, markedly different from the 
surrounding dark grey clay soils. In one locality, large 
masses of nodular calcrete, surrounded and enclosed by the 
fine-textured calcareous material, were found on the sur-
face, (Plate 29). The surface exhibited gilgai develop-
ment, i.e. mounds and depressions, presumably caused by 
swelling and shrinking within the soil profile due to the 
alternate waterlogging and dessication. The calcrete has 
probably been formed by solution and re-deposition of lime 
within the calcareous material . As regards the lime it-
self, this has apparently been deposited from the water 
issuing from the Weimool Springs . Since much of the region 
is underlain by limestone, the ground water is likely to 
be exceedingly rich in dissolved salts. -During the wet 
season, the volume of water issuing from the Springs will 
show a large increase and the surrounding area will be 
flooded . As the dry season advances, the alluvium will dry 
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out and the dissolved salts will be deposited as lime. 
( . \ C / . Discussion 
The distribution and characteristics of the soils 
occurring in the Bulman Region have been influenced by a 
nu.rr;.ber of factors, of v,-hich the geology and past and pr8s-
ent geomorphological processes are probably the most 
~.mportant 0 
Climatic processes have also had a marked influence 
on the soils, however~ Thus the laterites were formed, 
probably in the 'rertiary, (Stewart, 1956), under morc; 
pluvial conditions than obtain in the region at the preoc~ :.v 
day. The strongly seasonal nature of the rainfall at pr es-
ent has had an influence on the soils developed on the u p-
land regions where bedrock is exposed . These are shallow 
and gravelly, but if the climate had allowed the growth 
of a more luxuriant vegetation throughout the year, then 
possibly the soil would have been stabilised by the bind-
ing action of the plant roots and a great er depth would 
have accumulated . Moreover, during the wet season the rain-
fall is likely to be intense , causing rapid erosion of the 
weathering products formed on the upland regions. 
The geology is obviously the most important single 
factor determining the distribution and nature of the skel-
etal soils developed on the hills surrounding the Bulman 
Prospect. 
After the period of laterite formation, the Bulman 
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Region was uplifted and the subsequent erosion has removed 
the lateritic weathering profile over a large part of the 
area . Skeletal soils have been developed on the exposed 
bedrock . In places, however, the stripped lateritic pro-
files remains, though yOQ~ger soils have been developed on 
the exposed ferruginous and pallid zones , as in the Weimool 
Springs Grid Area. 
The Pleistocene submergence postulated by Stewart , 
( ibid), has allowed the accwnulation of the extensive al-
luvial deposits on the lower terrain . These are now repres-
ented by the heavy dark grey or black clay soils and the 
fine- textured grey calcareous soils . 
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SECTION G: THE 1~JOR VEGETATION UNITS OF THE BULMAN AREA 
(1) . Introduction 
The following description of the vegetation of the 
Bulman Area is based on reconnaissance mapping over an 
area measuring approximately 5 miles wide and 3 miles 
long, (Fig. 42) . The dominant species of each stratum 
were plotted on aerial photograph enlargements in the field. 
Where possible , the boundaries between the various associ-
ations and communities were also plotted directly, but in 
some of the more inaccessible regions these had to be 
inferred from the aerial photographs . 
Previous investigations into the vegetation of the 
northern part of the Northern Territory have been reviewed 
in the Introduction to this thesis . As far as is known, 
the vegetation of the Bulman Area has been the subject of 
only one report , that by Bateman and Specht, (in Specht 
and Mountford , 1958) . However , these authors apparently 
visited only that part of the region east of the Wilton 
River . Few of the species they list were found by the pres-
ent writer and their description of the vegetation bears 
little similarity to the present one . 
The units used in the classification of the vegetation 
of the Bulman Area are indicated in Table 29 ~, together 
with their deduced equivalents in other investigations o 
The more widespread vegetation types have been classed as 
associations while those which occur on more restricted 
_ OJ .... 
'J.lable .2 9 ~ Q'2.!~.§7~.~. ~2.K_tl!"Q..~ij~(.!.!2:.~tat j:.9.!~_~1~i.!s in the Bulman Area-l'!J-th thos~ of 
.o_~hGr Investib.:;·~ i~~~_~, 
~ .......... _ ..... _--... .... .... ...... ,-. - ....... . .............. . 
Sub, , Sub-·form Kat her ii1e-
Dar win i.rca 
Arnhem Land i 
Formation ; (Williams, (Specht & 
Mountford, 
1955) 
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Present study (Cole, 1963) : 1955) ( Chris'c ian & 
Stevlart, 19B3) 
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habitats have been classed as communities . On this basis, 
three associations and five communities have been recog-
nised . 
Presumably by virtue of the more humid climate and 
higher temperatures, the region is occupied by a more lux~ 
uriant and taller vegetation than the Dugald River Area. 
It will be recalled that the most widespread sub-formation 
in the latter area was Low Tree and Shrub Savanna, while 
at Bulman a tall Savanna Woodland covers the largest arGa, 
The height of the dominants of the herbaceous layer also 
differs . In the Dugald River Area , the most widespread 
grass , Triodia pungens rarely exceeds a height of 2 ft., 
while at Bulman many of the perennial species in the 
Savanna Grasslands reach 8 or 9 ft . in height during the 
wet season . Moreover , the herbs and grasses in the Bulman 
region generally form a fairly dense cover throughout the 
year . At the Dugald River, however , much of the ground 
is bare during the dry season . 
In the following description , the associations and 
communities occurring on the well- drained upland regions 
with acid to neutral soils are discussed first , followed 
by those found at progressively lower elevations where the 
soils are generally poorly- drained and increasingly calc-
areous . 
A comparative list of the plant species found in the 
Bulman Area is given in Table 36 . This has been prepared 
I 
-----.. ---
P1a. 42 v. OC.'10D P 01 the Bulmae Area 
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from the data recorded on the transects, and from notes 
made during the field mapping. 
(2). Description of the vegetation units and distribution 
within the Bulman Area 
(a)~ Erythrophleum chlorostachys ~ Eucalyptus ferruginea -
E~ tectifica - E. tetrodonta - E. jenseni - Gardenia 
megasperma - Chrysopogon pallidus - Andropogoneae 
mdet . (Bu~man No. 156), - unidentified grasses, 
(Bulman No. 123) association 
This association is widespread in the north and west 
of the area, where it is developed on undulating country 
underlain by chert veneered in places by lateritic gravel. 
A smaller area occurs in the south, on the outcrop of the 
siliceous Wilton Sandstone, (Fig . 42). 
The taller trees grow to between 15 and 20 m., with 
thin , generally erect, trunks, (Plate 41) . The crowns are 
sparse, and many of the species are deciduous . The spacing 
is fairly close, but the sparse foliage allows ample sun-
light to penetrate to the lower strata . Gardenia megas-
2erma F~ Muell. and Terminalia pterocarya F. Muell . form 
a fairly sparse low tree layer, between 5 and 7 m. in 
height~ 
The composition of the tree stratum alters where the 
underlying chert comes to the surface, or where drainage 
lines traverse the area. In these environments , most of 
the other tree species go out, and a woodland of 
Erythrophleum chlorostachys Baill~ and Eucalyptus tectifica 
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F, Muell . is developed . 
The shrub layer is sparse, the low (2 ft . ) , Petalostign 
9~adriloculare F. Muell . ,being virtually the sole member . 
There is a fairly dense ground storey of tall grasses, in-
eluding Ch~ysonogon pallidus Domin . , Andropogoneae indet, 
(Bulman Nos. 135 and 156), Heteropogon contortus (along 
drainage lines), and an unidentified grass, Bulman No . 123. 
The lateritic gravel is occupied by a characteristic assem-
blage, but this, and other variations in the vegetation, 
will be more fully discussed in the description of the 
Weimool Springs Grid, (Section I) . 
(b) . Cochlospermum fraseri - Acacia pallida - Vetiveria 
elongata - Heteropogon contortus community 
Areas of outcropping dolerite carry this community, 
which consists of a fairly dense growth of tall grasses 
with scattered low trees , (Plate 22) . The kapok bush, 
Cochlospermum fraseri Planch, has a thin erect trunk , with 
a few branches bearing yellow flowers and large green oval 
fruit . In common with most of the trees found in this 
community, it is virtually leafless during the dry season. 
Acacia pallida F . Muell . grows to a height of 5 m. , with 
a thin trunk covered by light grey corky bark . Other tree 
species include Brachychiton gregorii F . r1uell ., Grevillea 
dimidiata F . Muell. , Gardenia megasperma , Eucalyptus 
]atellaris F. Muell n and Erythrophleum chlorostachys . 
A shrub stratum is absent , but the ground storey is 
i-late 22 Coehlo~.\?!..l·!.lw.;, fl'a6Eo:ri&, cacla ps.llida 
Vetiveria ~lon& tn on outcroJ)ping 
dolerlte in the hulman rea 
.. >la t . 23 .csidual _011 on doltl:rl te 

~lato 22 CochlQep~~ ' u fre er!, c8~la pailida 
etiveria ~lon&atn or outcro .ing 
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fairly dense, dominated by the tall grasses Vetiveria 
elongata (R.Br . ) Stapf. ex C,F. Hubbard , and Heteropogo~ 
contortus. The intervening spaces carry a sparse cover of 
annual herbs and grasses, including the following; Cleome 
viscosa; Boerhavia diffusa, Polycarpaea corymbosa, Ptilotu~ 
fusiformis Poir., pterocaulon verbascifolium, l~digofer~ 
linifolia Retz . and ~r~achne obtu~~ R.Er. 
The community is quite widespread within the area , 
though restricted to the dolerite outcrops . The surface 
here is formed of rounded boulders and masses of the parent 
rock, with the intervening areas occupied by a thin cover 
of fairly coarse gr~ned degradation products, (Plate 23) . 
The majority of the species occurring in this environment 
are also found in the following community: with the ex-
ception of Vetiveria elongata, however, they here occupy 
a sub-dominant position, 
(c). Gardenia megasperma - Erythrophleum chlorostachys -
Vetiveria elongata - Chrysopogon pallidus community 
Like the last , this community ~ comprises a gener-
ally sparse cover of low trees, a poorly developed shrub 
stratum , but a dense ground storey of tall grasses and 
smaller herbs, (Plate 32) . 
This community covers the greater part of Areas A and 
B, and a full description will be given in the discussion 
of the vegetation of these areas, (Section H) . It is 
normally restricted to the low hills of the carbonate 
-~=--
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rocks of the Bulman Formation, though a small area is 
also developed on chert gravel south of Weimool Springs, 
(Figs. 41, 42). 
(d). Eucalyptus tectifica - E. confertiflora - Hakea 
arborescens - Heteropogon contortus - Andropogoneae 
indet. (Bulman No . 156) - Iseilema vaginiflorum 
association 
This rather ill-defined association occupies an inter-
mediate zone between those associations and communities 
described above , which are generally confined to regions 
of upland topography , and those discussed below which 
occur on lower terrain . 
Eucalyptus tectifica and E. confertiflora Fo Muell. 
are tall (16 to 20 mo) erect trees, (Plate 24), the former 
with a covering of light grey fibrous bark and the latter 
with a smooth white bark. Other tall trees include 
Terminalia platyphylla F, Muell ., Eucalyptus patellaris 
F. Muello , E. bigalerita F. Muell . and Bauhin1.a cunning-
hamii. 
An open cover of low trees may be present in some areas? 
Of these, Gardenia megasperma is the most common, while 
Hakea arborescens R.Br. is also frequent. Acacia pallida 
may also be important in places . In some of the wetter 
areas, Melaleuca viridiflora Gaertn . forms separate stands 
of small, erect , closely spaced trees. 
The herbaceous vegetation is variable in character, and 
in areas frequented by buffalo and cattle much of the gr,)Und 
..?late 24 
.. 
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is bare. However, Andropogoneae indet., (No. 156), 
Heteropogon contortus and Iseilema vaginiflorum Domin. 
are generally present, and may form a dense grassland in 
places . Eragrostis japonica Trin . , Fimbristylis phaeoleuca 
S.T . Blake and Elytrophorus spicatus A. Camus, occur in 
clayey depressions in some of the wetter areas. 
The soils are mainly residual or colluvial in origin, 
consisting generally of a variable depth of dark brown or 
grey sandy clay to clay with scattered gravel-size frag-
ments derived from the neighbouring hills . 
(e) . Sorghum sp . (Bulman No . 184) - Chionachne cyathopoda 
- Iseilema vaginiflorum - Terminalia platyphylla -
Tristania grandiflora . association 
Where the shallow soils described above give way to 
deeper clay soils , the vegetation alters to tall savanna 
grassland with scattered tall trees . Sorghum sp. (Bulman 
No . 184) grows to over 8 ft . and Chionachne cyathopod~ F . 
Muell . to 6 ft ., while Iseilema vaginiflorum is generally 
less than 2 ft . These species , with , in places , Heteropogon 
contortus , Andropogoneae indet . (Bulman No . 156 ), and the 
tall (8 ft . ) herb , Sesbania aculeata Poir . form a very 
dense growth over most of the area . 
The trees Tristania grandiflora and Terminalia platy-
phylla F . Muell . are characteristic of the environment, 
occurring as scattered solitary trees , (Plate 25) . The 
former may reach 20 m. in height , with a generally sparse 
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crown surmounting a stout trunk covered by light grey 
striped barkc T. platyphylla is shorter in stature, and 
has a dense crown of large leaves . The species Eucalyptus 
P§~~' Acaci~llida, Melaleuca viridiflora , Pandanus 
sp ., and Alstonia actinophylla Ko Schum e , may also be pres-
ent. 
This association is restricted to the deep grey or 
bJack heavy clay soils developed on the alluvial plains . 
These are traversed by a series of ramifying streams and 
are flooded during the wet season. 
(f)o Pandanus sp. - Timonius Timon - Heteropogon contor-
tus - Flaveria australasica community 
The palm, Jandanus sp~, growing to a height of between 
4 a~d 7 m., forms an almost pure stand of closely spaced 
trees along permanent or semi-permanent watercourses and 
springs, (Plate 26)0 Little or no ground storey is pres-
ent, though leaf litter is prominent . Over most of the 
area occupied by the community , however, it occurs as a 
fairly open storey of low trees studding a dense growth 
of the tall grass , Heteropogon contortus . 
A very open tall tree layer is generally present , 
dominated by the species Timonius timon Merrill , wi th 
Melaleuca viridiflora and , occasionally ,. Tristania grandi-
flora, Terminalia platyphylla and Ficus opposita Mig . var . 
micrantha occurring also o 
------
Flaveria australasica Hook , a tall herb of the family 
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Compositae, is almost invariably present with H. contor-
tu~ in the herbaceous stratum. Other species occurring 
include; Sorghum sp., (Bulman No. 184), Imperata cylind-
fiQg Beauv. var. major, Eragrostis japonica and the tall 
herb Sesbania aculeata Poir . 
This community covers a fairly extensive area of fine-
textured calcareous alluvium south-east of Weimool Springs. 
The soil has a powdery texture and, unlike the surrounding 
heavy clays, does not exhibit deep cracks or gilgai 
micro:-re l:iCef n 
(g). Imperata cylindrica var$ major - Flaveria australa-
sica community: 
This community forms a tall grassland dominated by 
ImPerata cylindrica var. ~jor with, however, the tall herb 
Flaveria australasica very common also. Apart from an 
occasional Timonius timon and wild fig, Ficus racemosa L., 
the area is devoid of trees and shrubs, (Plate 27). 
This unit is restricted to small stretches of highly 
calcareous soil with gilgai development south-east of 
Weimool Springs, (Fig. 42) . The gilgais are on a large 
scale , individual depressions being several feet across 
and up to 2 ft. deep . Large nodular masses of calcrete 
are exposed on the surface of the swells separating the 
depressions, (Plate 29) . Where permanent water eXists, 
the community gives way to a stand of the Pandanus sp. 
palm, while, as the gilgais die out, it grades into the 
rlate 28 i"ipturLS ar.~enteuB thie~et on calcareouo 80110 
?late 29 Calcrete nodules Oll Gurface of c~lcnreous 
£loils 

rlate 28 oils 
Plate 29 Calcrete nodulea on surface ~r calcareous 
soils 
above community, 
(h). Pipturus argenteus - Melaleuca viridiflora community 
Like the last, this community is restricted to a small 
area of very calcareous gilgai soils south-east of Weimool 
Springs. Pipturus argenteus Wedd o , forms a close thicket 
of low ~ many·- trunked trees with a dense crown of dark 
green leaves, (Plate 28)0 It frequently supports the vine 
M~1oth.ria maderaspatana Cogn., while Melaleuca viridiflora 
occurs as scattered tall trees. The community is devoid 
of shrubs or herbaceous species. 
On the north and west, the unit is bounded by dense 
stands of Pandanus . sp, growing along watercourses. On the 
south- east, it has a fairly sharp junction with the com-
munity described above. However, dead specimens of Pip~ 
.~s argenteus extend on the grassland, suggesting that 
the latter is expanding at the expense of the thicket. 
This may be related to the ravages of the buffalo which 
find shade under the dense foliage. 
(3)~ Conclusions 
(i). The most widespread vegetation unit occurring with-
in the Bulman region is the sub-formation of Savanna Wood-
land. Structurally this unit comprises a fairly dense 
stratum of tall slender trees, a sparse shrub layer and a 
relatively close cover of tall grasses. The Savanna Wood-
land is generally confined to those regions of upland 
- 3II -
topography. A gradational zone of Savanna Parkland/Grass-
land is frequently present between these areas and the 
low-lying country, where Savanna Grassland is the most 
widespread sub-formation. Isolated thickets of the low 
tree, Pipturus argenteus, occur on small areas of very 
calcareous soils on the plains, while permanent and semi-
permanent drainage lines are fringed by a dense growth of 
the palm, Pandanus SPa 
(ii). A tall Savanna Woodland association of Erythroph-
leum chlorostachys - Eucalyptus ferruginea - E. tectifica 
_ E. tetrodonta - E. jenseni - Gardenia megasperma -
Chrysopogon pallidus - Andropogoneae indet., (Bulman No. 
156), and the unidentified grass, Bulman No. 123, occupies 
the north west of the region. A deep layer of chert, 
veneered by aCid, well-drained soils with abundant later-
ite nodules, gives rise to undulating country in this area. 
(iii). Cochlospermum fraseri - Acacia pallida - Vetiveria 
elongata - Heteropogon contortus, form a distinctive 
community of low trees and tall grasses on rises of out-
cropping dolerite. The SOils, where developed, consist 
of pockets of loose particles of decomposing dolerite, 
with presumably a poor water-holding capacity. 
(iv). The Gardenia megasperma - Erythrophleum chloros-
tachys - Vetiveria elongata - Chrysopogon pallidus commun-
ity has a rather similar appearance to the last, though 
the low trees tend to grow slightly closer together. The 
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unit is found on the low hills of the carbonate rocks of 
the Bulman Formation, where the soils are shallow and 
gravelly, and run~off is rapid. 
Cv). At the base of the hills and rises the Savanna 
Woodland units described above give way to a Savanna Park-
land/Grassland association of Eucalyptus tectifica - ~ 
confertiflora - Hakea arborescens - Heteropogon contortus 
_ Andropogoneae indet., (Bulman No. 156) - Iseilema vagini-
florum. The dominant trees are tall to mid-height and 
---
are generally widely-spaced. The herbaceous stratum con-
sists of a fairly dense growth of tall to medium-height 
grasses. This unit occurs on fine-textured soils, devel-
oped on material washed down from the neighbouring higher 
ground 0 
(vi) a A tall Savanna Grassland association, dominated by 
Sorghum sp., (Bulman No. 184) - Chionachne cyathopoda -
Iseilema vaginiflorum, and with scattered trees, mainly 
Terminalia platyphylla and Tristania grandiflora, is found 
on low-lying country subject to flooding during the wet 
season. The soils are deep, heavy, black clays, basio at 
the surface, with a gilgai micro-relief; during the dry 
season they are traversed by a series Of wide vertical 
cracks. 
(vii). Where the clay soils give way to looser, calcareous 
material lying on the drainage from limestone springs, 
the vegetation alters to a tall grassland community of 
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Heteropogon contortus , studded by the trees Pandanus. sp<, 
and Timonius timon . The tall herb Flaveria australasica 
is also common in this environment . 
(viii ). The tall grass Imperata cylindrica varn major 
with Flaveria australasica , occurs on a small area of the 
calcareous soils mentioned above . The soil exhibits gil-
gai development , while large masses of nodular calcrete 
are common on the surface . 
(ix) e Part of the above area is covered by a dense 
thicket of the low tree Pipturus argenteus . Apart from 
scattered individuals of the taller tree , Melaleuca 
viridiflora , the community is virtually devoid of other 
species. 
(x)~ The distribution of the major vegetation units 
within the Bulman Area appears to be largely governed by 
edaphic and draining factors ~ The former encompasses both 
the soil reaction , which tends to become increasingly 
basic with decreasing elevation , and the soil depth and 
texture~ These too are influenced by the relief , the 
deeper , fine- textured material generally occurring on low-
lying country while shallower soils normally occupy the 
upland area", Both these factors have a direct bearing on 
the drainage status of the soil , and hence on the availab-
ility of water to the plants during the dry season . 
The nature and extent of the skeletal soils on the 
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upland regions is largely determined by the bedrock geol-
ogy; both play a role in the distribution of the vegetat-
ion units . Thus each of the more widespread rock types 
occurring within the area is characterised by distinctive 
plant associations or communities! 
(xi). Little is known on the lasting effects of grazing 
by buffalo and wild cattle on the specific composition and 
distribution of the vegetation units . There is some evid-
ence, however, that this factor has caused the destruction 
of part of the Pipturus argenteus thicket, and has also 
given rise to extensive stretches of bare ground in cer-
tain areas. 
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SECTION H: VEGETATION DISTRIBUTION IN AREAS A M~D B 
(1). Introduction 
The location of these areas within the Bulman region 
is indicated in Fig. 41 . They contain the main occurrences 
of lead-zinc mineralisation, but although of very high 
grade, zinc ranging from 10 to 30% and lead from 1 to 3%, 
the mineralisation is confined to a total stratigraphic 
thickness of between 30 and 40 ft., (Sturmfels, 1952). 
Apart from some shallow shafts and trenches , the area has 
been little disturbed by mining operations . 
Sturmfels, (ibid), has reported that there is a defin-
ite link between the distribution of certain plants and 
the outcrops of the lead-zinc mineralisation at Areas A 
and B. Polycarpaea synandra F . Muell . var . gracilis 
Benth . was noted on the mineralised zones, and, according 
to this aufuor, nowhere else in the region . Gomphrena 
canescens R.Br . also grows profusely on the ore- deposits, 
but was observed by Sturmfels on alluvial soils remote 
from mineralisation . Similarly, the shrub Tephrosia aff . 
polyzyga F . Muell . ex Benth . was found both on the mineral-
ised outcrops and on alluvial soils . 
As a first step in determining the factors controlling 
the distribution of the species associated with mineral-
isation , the vegetation of the area was mapped on a scale 
of one inch to a hundred feet . A quantitative estimation 
of the variations in the vegetative cover within the area 
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was obtained from a transect taken across the hill and 
extending on to the plain on either side. Finally, a 
series of plant samples was collected from the area, and 
analysed for copper, lead and zinc with a view to deter-
mining the relationship between metal uptake by the pla:.1ts 
and concentrations of these metals in the underlying soil < 
The results of these analyses are described in Section J . 
(2). Physical features and geoloBI 
The ore-deposits are situated near the summits of tVIO 
low, rounded hill, rising to a height of about 40 ft. above 
the surrounding alluvial plain, (Fig. 43). The northern 
and western sides are drained by a small stream, whioh 
flows eastwards to join the Wilton River. Elsewhere, the 
drainage from the hill disappears in small gullies which 
traverse the black soil plain at the foot. 
The hills are formed of limestone, dolomite and chert 
rocks belonging to the Bulman Formation. The beds have a 
roughly concentric outcrop pattern and dip gently to the 
south-east. rrhese beds overlie a doleri te sill and have 
been affected by contact metamorphism during its intrusion. 
The dolomites and limestones have been altered in the 
following ways, (Sturmfels, 1952):-
(a). Enlaygement of the grain size~ 
(b). Further dolomittzation, (and also formation of 
magnesite), by selective dissolution of calcium 
carbonate. 
• .. - . ~- ~~ 
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Fig. 43. Geolo~ical Map of Ar a t] A Cind 8 , BulmliCl. 
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(c) . Formation of serpentine . 
---1-~ I 
(d) • Separation of most of the siliceous matter into 
chert layers and bands . 
(e) . Destruction of most of the fossil content , 
(Collenia) • 
In fresh section, the dolomites and limestones are a 
uniform light grey colour, with a thin brownish coating 
on the weathered surfaces . The beds vary from one to two 
r , 
, 
inches to a foot in thickness, and consist of a fine - grained I I 
aggregate of dolomite and calcite crystals respectively. 
Due to solution along the joint planes , the carbonate 
rocks are frequently weathered out into a series of blocks 
rising one to two feet above the bedrock surface , (Plate 
30 ) . The intervening areas are floored by a thin cover 
of chert gravel . 
The cherts are generally covered by a thin ferruginous 
coating , but the fresh rock has a banded appearance due to 
alternating layers of light and dark grey material . In 
thin section , it is seen to consist of almost 100% pure 
quartz with a fine - grained granular texture . Small lenses 
are occupied by chalcedonic quartz . 
This rock type is generally masked by a thin layer of 
gravel, but outcrops in a low ridge on the north- west 
side of the area. 
The lead-zinc mineralisation occurring at Areas A and 
B has been previously described, (p .286) , and only a brief 
Plate 30 .. eaU~erillg along joint plnnes in 
Cc. rbuhdtc roe GJ, .t.rea. .it !3ulman 
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summary will be given here. The deposits are found in 
decomposed dolomite rocks and consist essentially of 
largely-oxidized sphalerite and partly-oxidized galena. 
Zi.r!c···rich superficial crusts with solid lumps of galena 
!'lac~: the deposits, (Plate 31). On Area A, where the cr,:.:,"',; ;:-
are best developed, they cover quite an extensive area, 
21though they do not appear to exceed a few feet in 
thickness , (Fig. 43). Two types may be distinquisned; 
Type A as described above and a second, Type B, which 
contains smaller amounts of zinc and lead . One or two 
small ferruginous gossans are also found on the surface 
in Area A, but these are apparently unconnected with 
mineralisation . 
(3). Soils 
Little or no soil development has occurred on the up-
land parts of Areas A and B . The soils are skeletal, 
consisting of a few inches of gravel or rubble in a sparse 
reddish, fine-textured matrix . The coarser fractions are 
dominated by ~ert , even on areas underlain by carbonate 
rocks. The absence of fragments of this material suggests 
that the weathering products of the limestone and dolomite 
rocks have been largely removed by solution in rain- water . 
This is in agreement with the solution.channels produced 
in the carbonate rocks, (Plate 30), and the acid to neut-
ral reaction of the soils developed on the upland areas. 
Thus the pH of a series of samples collected from the 
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skeletal soils ranged from 5 0 8 to 7.0. 
The depth of soil increases at the base of the hills. 
The skeletal soils give way to an irregular peripheral 
zone, up to 200 fta in width, of fine-textured dark-brown 
or grey soils with inclusions of chert rock. The pH of 
the surface horizons of this material ranged from 6.4 to 
7~O. On the eastern side of the hill this gradational 
zone is absent, and the skeletal soils give way abruptly 
to the deep, grey or black heavy clay soils of the plains. 
The surface horizons ef this type are basic, with a pH of 
about 7~8. During the rains the area occupied by these 
soils is flooded, and as the ensuing dry season advances 
the whole soil is traversed by a series of deep vertical 
cracks. 
(4). Vegetation 
(a). Tree and shrub cover 
A low woodland of Gardenia megasperma and Erythrophleum 
chlorostachys occupies the greater part of the higher 
ground in Areas A and B, (Plate 32). Over the low gravel-
ly rise separating the two hills, however, these species 
are joined by the taller tree Eucalyptus confertiflora, 
which is also present on smaller areas near the centre of 
Area A~ (Fig. 44). 
The deeper soils surrounding the hills are dominated 
by the species Gardenia megasperma, ErythrophleUID 
chlorostachys and Eucalyptus patellaris. A fringing zone 
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in the north is occupied by Erythrophleum chlorostachys 
and Eucalyptus confertiflora, while, in the west, a mixed 
stand of Gardenia megasperma, Erythrophleum chlorostachys, 
Eucalyptus confertiflora, and E. patellaris is developed 
over a small area. 
In the north-east, this peripheral zone is absent, and 
the deep clay ~oils extend up to the base of the hill~ 
There is thus a rapid transition from the low woodland of 
Gardenia megasperma and Erythrophleum chlorostachys to the 
grassland association of' the plains. Terminalia platyp-
pylla forms a sparse cover of tall trees over these areas, 
(Plate 33). 
A number of other trees are present. The stream chan-
nel bordering the north-east side of the hill is lined by 
Tristania grandiflorao Acacia pallida has a wider distrib-
ution, occurring both on the shallow soils of the hills 
and on the bordering zone of deeper, fine-grained material. 
The low trees, Ficus opposita var. micrantha and Grevillea 
dimidiata, have a similar distribution, Brachychiton 
gregorii, Cochlospermum fraseri and the tall Alstonia 
actinophylla K? Schum., however, are generally restricted 
to the upland areas. 
(b). Ground vegetation 
The herbaceous stratum on the shallow gravelly soils 
(,f the hill is dominated by the species Veti veria elongate 
and Chrysopogon pallidus, while Andropogoneae indet., 
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(Bulman No. 156), occupies a subdominant position, (Fig. 
45)~ These species form a dense cover of tall to medium-
hejght grasses, (Plate 32). Generally they occur together 
on~~e upland regione, but towards the foot of the hills 
one or other may go oFt. Thus Vetiveria elongata and 
:0:Q_~-:,:,opog?p.~~~ indet" occupy a fringing zone in the north-
eas~ and a smaller erea in the west , while monospecific 
corrr.mmities of Chrysopogon pallidus and Andropogoneae 
inde~., cover small sectors in the north-west and north-
eas t respec tively. 
At the base of the hills , Vetiveria elongata and 
Chrysopogon pallidus die out and a tall grassland of 
Andropogoneae indet Q' (Bulman No . 156) and Heteropogon 
contortus is developed on the fine-textured dark brown or 
grey soils which occupy this zone. On the eastern side of 
the hill these species extend out on to the deeper dark 
grey or black heavy clay soils, but in the north and west 
this material is occupied by an almost monospecific com-
munity of Chionachne cyathopoda . 
On the mineralised superficial crusts, the more wide-
spread grasses die out, to be replaced by an assemblage 
of Polycarpaea synandra var . gracilis, Gomphrena canescens, 
Aristida browniana, Tephrosia aff . polyzyga and Fimbris-
~vli8" __ ~.9hu:tt_gi Boeck, (Plates 34,35). p. synandra var. 
gracilis and F~ schu~tzii are confined to this habitat, 
but the other species have a wider distribution. Thus 
Area A 
Plate 35 
racilis 
nlis d crust, 
aupor-
reo. A 
Area J.. 
upcr-
\.r n A 
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Qomphrena canescens and Tephrosia a~f~ polyzyga occur 
throughout the upland area~ while separate communities 
of Aristida browniana occupy small areas of fine-textured 
s oil near the base of the hills. 
The low creeping herb Galactia muelleri Benth. is 
een~rally restricted to regions of chert gravel or out-
crop, while Bulbostylis barbata occurs sparingly on the 
fine-textured soils in the south-east. 
Cc). Discussion 
The high-grade lead and zinc deposits of Areas A and 
B apparently have a major influence on the distribution of 
c ertain of the herbac eous plants, and possibly some of 
the tree and shrub species also. Otherwise, however, 
the variations in the bedrock geolcgy seem to play a minor 
role in vegetation distribution in the area. 
This is borne out by examination of the results of the 
transect taken across the area, (Fig. 46). Euphorbia sp~, 
(Bulman No. 172), and Fimbristylis cardiocarpa tend to 
occur on areas occupied by dolomite. It is evident that 
the commoner species, however, such as Erythrophleum 
~hlorostachys, Gardenia megasperma, and the grasses 
Vetiveria elongata and Chrysopogon pallidus, are equally 
abundant on areas underlain by cherts as on the carbonate 
rocks. As previously mentioned, the latter rock type 
weathers out into a series of blocks, the spaces between 
being floored by gravel derived from neighbouring chert 
et 
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outcrops . Thus the soils developed over the different 
rock types show no strong contrast, apparently imparting 
a uniformity to the vegetation occurring on the two units . 
On the other hand, edaphic Rnd drainage factors 
appear to have an important influence on the distribution 
of the more widespread species. On the basis of these 
properties, the area may be subdivided into three environ-
ments, each occupied by a separate community nr associat-
ion. The dominants of each are enumerated below, where 
it will be evident that several species carry over from 
one habitat to the next . 
(i) . On the well-drained , shallow, gravelly soils 
and outcropping chert and carbonate rocks of the upland 
areas, (pH range from 5.8 to 7 . 0): - Gardenia megasperma, 
Erythrophleum chlorostachys, Vetiveria elongata and 
Chrysopogon pallidus . 
(ii) . On the dark brown or grey clay soils fringing 
the base of the hills, with medium drainage status and a 
pH of between 604 and 7.0 : - Gardenia megasperma, 
Erythrophleum chlorostachys , Eucalyptus confertiflora , 
E. patellaris , Heteropogon contortus and Andropogoneae 
indet . , (Bulman NOn 156) . 
(iii). On the poorly-drained dark grey or black soils 
of the alluvial plains, with a pH on the surface of about 
7 . 8: - Chionachne cyathopoda, Heteropogon contortus, 
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Andropogoneae indet., (Bulman No . 156), the shrub, Grewi~ 
£§tusifolia, and scattered Terminalia platyphylla~ 
Although the presence of the ore-deposits seems to 
have its most marked influence on the herbaceous stratum, 
the transect results, (Fig~ 46) , suggest thnt the distrib-
ution of the tree species is also affected . It will be 
evident that the most widespread species, Erythrophleu~ 
chlorostachys and Gardenia megasperma, are virtually absent 
over the central part of the transect, where mineralisat-
ion is more frequent and the level of lead and zinc in the 
soils is consequently very high. 
While frequent over the lead-zinc deposits, the shrub 
Tephrosia aff _ polyzyg~ is also common on un-mineralised 
rocks. The transect illustrates the striking Hcut-out tl 
of the more widespread members of the herbaceous layer, 
however, over the surface crusts which mask the ore-
deposits. Polycarpaea synandra var. gracilis and 
Fimbristylis schultzi~ show the most marked correlation 
with the mineralised zones. The latter was not observed 
elsewhere in the Bulman region, though P. synandra var~ 
gracilis occurs over quite an extensive area on alluvial 
soils west of Area A, (Section J). The grasses, Aristida 
browniana, Eriachne sp. (Bulman No. 144), the unidentified 
grass, Bulman No . 186, and the herb, Gomphrena canescens, 
also occur on or in the vicinity of, the mineralised 
zones. However, these species may also ce ~ound, though 
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generally less frequently, in areas devoid of mineral-
ise.tion. 
The superficial crusts overlying the lead-zinc 
deposits do not give rise to any marked topographic feat-
ures (Plate 31), and hence the influence of relief on 
~)lp::"1.t distribution j_n these areas can be neglecteG.. 'El:' 
c ~usts are generally devoid of soil cover, (Plates 34,35): 
while the surrounding un- minere.lised rocks are normally 
masked by a few inches of gravelly material. It is 1..'.:''1.-
likely, however, that this relatively minor variatio:1 i:1. 
the rooting medium can have led to the marked che,ngc :L:'l 
the vegetative cover over the ore-deposits. The soilo 0: 
these areas , where developed, tend to be slightly more 
acid than those on the neighbouring rocks, (pH 6 n O to 6~4 
as against 6&6 to 7.0), but again the contrast between 
~be two habitats is low. 
It is possible that other elements besides the ore-
metals are enriched in the vicinity of the mineralised 
zones . Alternatively, the soils of these areas may be 
deficient in certain elements. Although the major and 
trace element content of the Bulman soils has not been 
investigated, it will be recalled that in the Dugald River 
Area the sole element, besides the ore~metals, which 
seemed to show variation in the soils over the mineral-
ised zones was phosphorus. In these areas this showed a 
roughly twofold enrichment compared with the maximum on 
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Although growth experiments are required to explai~ this 
behaviour , it is possible that it is related to intr2--
specific variation within the plants. It is suggestec". 
that they have evolved ecotypes, better ada.-..,-'-ed to with-
stand high concentrations of the ore-metals in the rootjng 
medium, and in their tissues, than the strains whic:1 occur 
in the un-mineralis ed regions" This may account f cl' t he 
occurrence of these cpecies und er such markedly conc~Gst- · 
ing environmental conditions. 
(5). Conclusions 
(i). The distribution of the more widespread p~aDt 
species within Areas A and B is strongly influenced by 
variation in the depth, texture and drainage status of the 
soilso In turn these factors are influenced by the re-
lief. The shallow, acid to neutral soils of the upland 
area support a low woodland, conSisting of a relatively 
sparse cover of low trees but a dense ground vegetation 
dominated by tall grasses. The low shrub , Tephrosia aff. 
polyzyga, is the sole member of the shrub stratum3 A 
narrow, intermittent, zone of Savanna Parkland/Grassland 
occurs on the deeper, fine-textured soils at the base of 
the hills. In this unit the trees are more widely spaced, 
but tend to be of greater stature, than -in the former com-
munity, while the tall grasses generally form a sparser 
Cover3 The deep, basic, clay soils of the surrounding all-
uvial plain are occupied by Savanna Grassland studded by 
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scatt er ed tall trees . 
(ii) • Variations in the bedrock geology, (apart from 
the occurrence of the lead-zinc deposits), appear to have 
little affect on the distribution of the more widespread 
plants . This may be r elat ed to the fact that the carbo-
nate rocks are largely veneered by a thin cover of chert 
gravel, similar in every respect to that overlying sub-
outcropping chert bedrock . This is confirmed in part by 
the small variation in the pH of the skeletal soils on 
the upland areas . Apparently the salts leached out of 
the carbonate rocks by the rainwater are rapidly removed 
by the drainage. This lack of variation between the 
soils developed on the two contrasting rock types is prob-
ably the cause of the similarity of the vegetation occurr-
ing on both . 
(iii). The deposits of lead- zinc ore support an assemb-
lage comprising the herbs , Polycarpaea synandra varo 
gFacilis , and Gomphrena canescens , the annual grass, 
Aristida browniana, the shrub, Tephrosia aff. polyzyga 
and the lc"w sedge , Fimbristylis schultzii . 
(iv). The distribution of P. synandra var . gracilis 
and F. schultzii shows the closest correlation with the 
ext ent of the outcropping ore- deposits. These species are 
confined to these sites within Areas A and B, though the 
former also occurs on alluvial soils containing low con-
centrations of the ore- metals elsewhere . 
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(V)A While most abundant on, or in the vicinity of the 
mineralised zones, Aristida browniana, Tephrosia aff . 
pol~yga , and GomRhre~a canescens are also found on barren 
rocks , both within and outwith Areas A and B. 
(vi). Little soil development has ta~en place on the 
upland parts of Areas A and B, though the gravelly soils 
present on the un-mineralised rocks tend to be slightly 
deeper than those over the ore-d€posits. In view of the 
minor nature of this variation, however, and the lack of 
contrast in relief and drainage between the mineralised 
and barren areas , it would appear that the excessive 
quantities of lead and zinc in the soils over the former 
zones is the dominant factor controlling plant distribut-
ion in these areas. 
(vii). The species comprising the assemblage on the ore-
deposits can apparently withstand very high concentrations 
of the ore-metals in the rooting medium without injury. 
It seems probable, therefore, that adaptation to these 
conditions is the chief distinquishing feature - in a 
physiological sense - between the assemblage plants and 
the more widespread species. Although culture experiments 
are required to confirm this, it is possible that the 
species associated with mineralisation have evolved sep-
arate ecotypes, better adapted to survival on the ore-
depOSits than the strains which occur in regions where the 
level o~ lead and zinc in the substrate is very much lower. 
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C2h:i_s may serve as an explanation of the fact that all 
these species, with the exception of Fimbris~yli_~ 
.Rgb23-l tz:i.:i, were also observed in regions apparently de-
~oid of mineralisat~on. 
~lile the occurrence of the lead- zinc deposits 
~~-e their most striking influence on the distribution of 
the ground vegetation, the high soil metal contents app~r-
ently have an effect on the tree storey also . The v.'ide-
s pread species Erythrophleum chlorostachys and Gardeni§ 
.!Qe.gasperma ShOVl a marked decrease in abundance in the 
vicinity of the mineralised zones , suggesting that these 
trees are intolerant of high concentrations of lead 2nd 
zinc i:1. the rootj.ng medium . 
.~ ',Y'< m 101'" I· 
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~~QI?1~T~.Q~T..J2.I S.TRIBUTION IN THE WEIMOOL 
SP:;UNGS ('-RID AREA 
~~>.:; ":c-i.r ICOJ. Springs Grid lies some five miles north-
N8~, 0I A~Gn3 \ and B; (Fig. 41) . The area lies astride 
l ~ .. <. 2.' .. 'l"·C .J".llmclll ~'dul t, which at this locality is marked 
I):' c:. 1:;, (188.":' d8p~:'8ssion occupied by a shallow drainage 
cL,~mlcl. I'he nappec' area forms a rectangle 200 ft . in 
.'·i(: .. th~ cxtcr..(~:i.ng for 1000 ft . to the north of the channel 
.lr-d ,WO ft" to the south , (Fig. 47). 
Inter~s~ ~~s focussed on this area because of the 
O CCl;.rr~mc c heJ..~e of an as semblage of several species found 
'::'n the 'ric::"ni ty of mineralisation in other parts of 
11 or ;j~e:cn Aust:calia" Thus one of these, Polycarpaea 
sn::"rostylis, was r eported as showing a distinct assnciat-
- --- .. - - - --_.- .. 
ion with areas of copper mineralisation in eastern Queens-
l£nd by Skertchley, (1897). Moreover, previous analyses 
of several of the assemblage species from the Weimool 
Springs Grid had yielded relatively high values for lead 
and zinc. 
Details of the geology are obscured by a thick deposit 
of cherto This has a banded appearance due to alternating 
laminations of dark grey and white material. In thin 
section it is seen to consist of a very fine-grained 
interlocking aggregate of anhedral quartz crystals; slight 
variations in the texture impart the banded structure. 
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'rhin p2,:cal1eJ" :!..' j.f)c·vr:' Gs within this material are lined by 
chalcec.onyo 
'ilhe chert i s interpreted as pallid zone material of 
a lateritjc ~€athoring profile, produced by silicification 
of the lmderJY~llg Ji~estone , (Section F). The nearest 
out crop of this rock type is at a sink hole about half a 
mi.le to -ehe south-east of the area. At this locality the 
limestone is a fine-textured grey rock with thin parallel 
bands of chert, 
(2). Soils 
Three soil types may be recognised within the area. 
Detrital Laterites occupy the greater part of the region 
to the north of the drainage channel. This soil is 
characterised by abundant laterite nodules and chert frag-
ments in the upper horizons, (Plate 36 and Fig. 47C). 
South of the drainage line this material is absent, and 
here Skeletal Soils have been developed by weathering of 
the underlying chert. The bed of the drainage channel 
itself is floored by deep Alluvial Soils. 
(a). Detrital Laterites 
As mentioned above, this soil occurs on the gentle 
hill slope to the north of the drainage channel traversing 
the Weimool Springs Grid. Numerous late"ri te nodules and 
chert gravel make up the greater part of the profile, 
occurring in a sparse, loose, fine-textured matrix. On 
the surface this consists of a very dark grey or dark grey-
Plat ~~ 
rhynci~:1CflYl tI' 
pu.n&cno on la ,-:r~v 1 . l eimool 
Spring rid. Duloan 
>lnte 31 outcro, D1.ng chcrt ith .a.ndx,'opoi(on ae 
Ind t. ( ulJ n re. 135 ). eiooo1 
Uprln, . ..' Grid 
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ish brown fine sand to sandy loam, giving way to a yellow-
ish or red sandy clay loam to clay with depth. The latter 
has a much more compact structure than the upper layers, 
and in places may be cemented. A zone of mottling, com-
prising red and yellowish ferruginous nodules in a grey-
ish, fine-textured material, was occasionally found near 
the junction with the underlying chert. The soil reaction 
is acid throughout, decreasing from pH 5.4 on the surface 
to pH 4.5 to 4.7 at the base of the profile. 
This material has been classed as a detrital deposit 
on the evidence of the occurrence of chert fragments 
throughout the profile. It has apparently been derived 
by erosion of the ferruginous and mottled zones of an 
originally much deeper lateritiJ profile. The occurrence 
of similar soils in other parts of the Northern Territory 
has been reported by White, (19 54 ). 
No lateritic cappings were observed in the vicinity 
of the Weimool Springs Grid, thcugh these have been noted 
several miles to the north by Campbell, (1956). It would 
seem that the upper ferruginous and mottled zones have 
been largely removed by erosion at the Weimool Springs, 
leaving the underlying, more resistant chert. As erosion 
proceeded the laterite nodules became concentrated in situ 
by removal of the bulk of the fine-textured material, 
while the traces of red and yellow mottling at the base 
of some of the profiles are all that remains of the original 
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mnttled zone. 
Profile 1, (Plate 38), has heen selected as repres-
entative of this soil type. 
Profile L. - The pit is located at lOON/60W, (Fig. 41D), 
-- _ ... _._---
on gently sloping ground. The vegetation comprises the 
trees? ]?ryttu',ophleum chlorostachys and Gardenia mega-
E.p~Iillas the shrub, Petalostigma guadriloculare, and the 
following herbs and grasses; the unidentified grass, 
Bulman Ho. 123, ChrysopDgon pallidus, Polycarpaea spiros-
tylis and ~~ianthema rhynchocalyptra F. Muell . 
Profile Descrip'~ion 
o .", 4 ins c : - Very dark grBy IOYR 3/1 fine sand with 
laterite and chert gravel oomprising -10% 
of the whole; the lateri te nodules are' 
rounded, generally 1/8 to 1/4 in. in diam.; 
the chert fragments are subangular, normal-
ly 3/4 to 1 in. across, up to 2 by 3 ins~, 
with a light ferruginous coating. The 
horizon is loose and un-cemented. . pH 5.4 
If- .. -26 ins. ":- Greyish brown 10 YR 5/2 fine sand with 
" 
abundant laterite nodules, generally 1/6 
in. in diam., and subangular chert frag-
ments up to 3 ins . across; the gravel forms 
approximately 80% of the horizon, which is 
lo03·e .and un-cemented . 
, 
?late )8 Prorilec throueh Detrital Laterit t 
; lmool ~.rin~s rid 

'. ' 
~~lroool ~prin-a rid 
- 335 -
4 12 ins. 
12 - 26 ins. 
pH 4.2 
pH 4.6 
26 -32 ins • . - Cemented, mottled, red, yellow and grey 
material, consisting of red and yellow 
ferruginous nodules in a fine-textured 
grey matrix; large chert fragments occur 
at the base. pH 4.7 
(b). Skeletal Soils 
The Detrital Laterites are absent from the areas south 
of the drainage channel traversing the Weimool Springs 
Grid. Presumably in this region they have been removed 
by increaped erosion compared with the area to the north. 
The soils developed on the underlying chert, which is 
frequently exposed on the surface as low, rounded out-
crops, (Plate 37), consists of reddish, fine-textured 
material with numerous chert fragments. The latter have 
a rotted appearance' and are coated with bright red ferru-
ginous material. 
On surface the matrix is a reddish brown sandy clay 
loam, giving way to a red clay with depth. The soil 
reaction is acid throughout. 
These soils have apparently been produced by weather-
ing of the underlying chert. As witnessed by the decrease 
in grain size and deepening rf the reddish colouration 
with depth, some eluviation uf clay minerals and iron 
~xide has occurred. The general lack of profile develop-
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ment, however, warrants these soils being classed as 
skeletal. 
Profile 4, (Plate 39), was sited on representat iv~ 
material. 
Profile 4. The pit is located at 250S/10E, (Fig o 47D) ; 
on a gentle slope to the north. The vegetation compris ~5 
the trees, Eucalyptus tectifica and Erythrophleum C9 ~ ?~~ ­
stachys, and the grasses Chrysopogon pallidus and !Q0~q­
pogoneae indet., (Bulman No. 156). 
Profile Description 
o - 5 ins. :- Dark reddish brown 2.5 YR 4/6 clay 
with fragments of ferruginous chert up to 
1 by It ins. across, forming approxj_mately 
50% of the whole pH 6 <> 1 
5 -38 ins. :- Red 2.5 YR 4/6 clay with nodular t ext-
ure; the nodules have an average diamet er 
of 1/8 in., and consist of small fragments 
of dark red ferruginous chert; larger cher t 
fragments up to 2 by 7 ins. across are 
also common. 
5 - 14 ins. pH 5.6 
22- 31 ins. pH 5.8 
(c) Alluvial Soils 
14 
31 
22 ins. pH 5 0 6 
38 ins. pH 6 0 0 
The drainage channel is floored by a uniform dark r ed-·· 
dish brown structureless sandy clay loam. Fragments of 
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chert, and occasionally ferruginous grit, occur through-
out the profile, but laterite nodules are rare. The full 
depth of this material is unknown, the pit sunk in the 
channel terminating at 41 ins. 
Profile 3, (Plate 40), was taken near the centre of 
the drainage line. 
Profile 3. The pit is located at 155S/30W& The trees, 
Eucalyptus tectifica and Erythrophleum chlorostachys, 
dominate the tree storey, while the tall grasses, Hetero-
pogon contortus and Andropogoneae indet., (Bulman No. 156), 
are virtually the sole members of the ground vegetation. 
Profile Description 
o - 6 ins~ :- Dark reddish brown 5 YR 3/4 sandy clay 
loam, structureless, with scattered chert 
fragments, generally t to 1 in. across, 
sub angular, with ferruginous coating. 
pH 6.2 
6 -41 ins~ :- Dark reddish brown 2.5 YR 3/4 sandy 
clay loam, structureless, with subangular 
chert fragments with ferruginous coating, 
up to 3 by 4 ins. across; occasional sub-
rounded fragments of ferruginous grit, 
comprising small angular chert fragments 
in a medium-grained matrix of rounded 
quartz crysta~with a haematite cement. 
" Plate 39 J?rofile through Skeletal l;.)oJ.l on 
chert , ',f al,mool :5i>ringa Grid 
Plate 40 Profil through r.lluviu of dr" inago 
cl 'inn I , . e1'11001 :; .. I'lugs c..r1d 


(3). Vegetation 
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6 - 20 ins. pH 5.5 20 - 32 ins. 
32- 41 ins. pH 5~4 
pH 5.4 
As indicated on the regional vegetation map, the 
Weimool Springs Grid is occupied by an association of 
Erythropbleum chlorostachys, Eucalyptus ferruginea, E.' 
tectifica, E~ tetroffonta, E. jenseni, Gardenia mega-
sperma, Chrysopogon pallidus, Andropogoneae indet., 
(Bulman No. 156), and the unidentified grass, Bulman No. 
123. These species form a Savanna Woodland, comprising 
a fairly dense upper storey of tall trees, sparse low 
tree and shrub layers, and a relatively dense cover of 
tall perennial grasses and annual and perennial herbs. 
In spite of the comparatively close spacing of the trees, 
the sparse nature of their foliage allows ample light to 
penetrate to the ground vegetation, (Plates 41, 42). 
The detailed investigations made within the Weimool 
Springs Grid indicates, however, that wide variations take 
place in the specific composition of this association. 
These variations are discussed below. 
(a). Tree and shrub cover 
Examination of the map of the distribution of the more 
widespread trees and shrubs, (Fig o 47A), indicates that a 
marked variation in these strata occurs between the area 
occupied by mixed laterite and chert gravel to the north 
of the drainage channel, and the bed of the channel and 
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chert gravel to the south . 
In the north, the following trees and shrubs form 
a layered woodland; Erythrophleum chlorostachys , Eucal-
yptus ferruginea, E. tetrodonta, E. jenseni , Gardenia 
megasperma and Petalostigma quadriloculare, (Plates 41, 
42) . Terminalia pte!ocarya and Eucalyptus grandiflora 
are important subdominants . North of the 700N station, 
towards the crest of the hill , G. megasperma tends to die 
out , while south of 200N ~.enseni is also absent . 
Compared with that developed on the lateritic gravel 
to the north, the woodland which occupies the drainage 
channel and the area underlain by chert gravel to the 
south is comparatively depa~perate . Erythrophleum 
chlorostachys and Eucalyptus tectifica are virtually the 
sole species in this region , (Plates 43, 44 ) . 
(b) . Ground vegetation 
The mapped distribution of the major herbs and grasses 
is shown in Fig . 47B . Again there is a marked distinct-
ion between the species occurring north and south of the 
channel, while the channel itself is occupied by a separ-
ate assemblage . 
In the north, the dominant species comprise Chrysopogon 
Eallidus , the unidentified grass , Bulman No. 123 , and 
Andropogoneae indet . , (Bulman No . 135) . These form a 
fairly dense growth of tall t medium height tussock gras-
ses . The intervening spaces are occupied by a number of 
.?lat It I iucalyptus je oni, Ll"l throphl urn 
E.h1.£.!2 fd~.:.~ l:.:l.§., 1: ar!!li nul i et ere" ~ ,r;£B 
ur .. t.i:, f.rJ. t,-.l .101.0001 ~prl11 s 
i:etri tal ... at&ri ac, ~elruool 
Grl 

~aterl e ~ atruonl 
r!Q· ________ ~ ____ ~~ __ ___ 
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herbs , including Polycarpaea spirostylis, Gomphrena 
canescens , Galactia muelleri and Trianthema rhynchocal-
yptra . The grasses Plectrachne pungens (R .Brn) C. F. 
Hubbard and Aristida browniana form separate communities 
in plac es . 
Areas where laterite gravel predominates in the sur-
face soil carry an assemblage of Polycarpaea spirostylis, 
the unidentified grass, Bulman No . 123, and Trianthema 
rhynchocalyptra , (Plate 36) . 
The bed of the drainage channel is occupied by a tall 
grassland of Heteropogon contortus and Andropogoneae indet 
(Bulman No . 156) , (Plate 43) . The latter species also 
occurs over part of the area occupied by chert gravel 
south of the channel . However , over most of this sector , 
and in a fringing zone north of the channel , Chrysopogon 
pallidus forms the sole dominant . 
The low shrub Tephrosia aff . polyzyga OCcurs to a 
limited extent throughout the area , but is most frequent 
in the bed of the channel . Polycarpaea corymbosa has a 
rather similar distribution . 
(c ). Discussion 
A more detailed picture of the changes in the veget-
ation of the Weimool Springs Grid may be obtained from 
examination of the results of the transect taken in the 
area . This runs in a roughly north-south direction al~ng 
the centre of the Grid, and extends for a further 400 ft . 
Plate 43 Eucalyptus tectifica, Beyeropogon 
contortus and Andropogoneae indet. 
(Bulman No. I56) along drainage 
cpannel, Weimool Springs Grid 
Plate 44 Eucalyptus tectifica, ~rythrophleum 
chlorostachys, Chrysopogon pallidus 
and Andropogoneae indet. (Bulman No . 
I56) on Skeletal Soils on chert, 
\ieimool Springs Grid 

contortus and Andropogoneae indet. 
(Bulman No. 156) along drainage 
c~annelt ~eimool Springs Grid 
hleum 
chlorostachys, Chrysopogon pallidus 
and Andropogoneae indet. (Bulman No . 
I56) on Skeletal Soils on chert, 
'v/eimool Springs Grid 
- 341 -
to the north, (Fig. 47D). 
The data recorded on the transect, (Fig. 48), strong-
ly suggest that the changes in the tree, shrub and herb-
aceous strata are related to variations in the soil and 
drainage conditions. Four subdivisions of the major 
association, each of them characteristic of different 
habitats as defined by these properties, may be recognised o 
(i)* On the chert rubble and outcrop, with excessive 
drainage, north of the lOOON station; Erythrophleum 
chlorostachys, Eucalyptus tetrodonta, Terminalia ptero-
carya, Petalostigma quadriloculare, Tephrosia sp. (Bulman 
No. 118), Chrysopogon pallidus and Galactia muelleri. 
(ii). On the well-drained Detrital Laterites north of 
the drainage channel; Erythrophleum chlorostachys, Euca-
lyptus ferruginea, E. tetrodonta, E. jenseni, Gardenia 
megasperma, Petalostigma quadriloculare, Andropogoneae 
indeto, (Bulman No. 135), and the unidentified grass, Bul-
man No. 123. 
(iii). On the poorly-drained sandy clay loam soils 
of the drainage channel; Erythrophleum chlorostachys, 
Eucalyptus tectifica, Andropogoneae indet., (Bulman No* 
156), and Heteropogon contortus. 
(iv). On the relatively poorly-drained clay soils 
developed on the chert south of the drainage channel; 
Erythrophleum chlorostachys, Eucalyptus tectifica, Andro-
]ogoneae indet., (Bulman No. 156), and Chrysopogon pallidus. 
• 
Fig. 48 
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It is apparent that certain species, typified by 
?;:::~h~QPAle~_c~~.0::'OS~P.~:rWs , are found throughout thc 
2~::,e ... ? whilo othc:~s , suc~ as ~..l.ca1yptus ~ enseI)~ or the 
G~::'8.3S? £1 c_:t_q.ro') Qg9.:11...._C()'!..!.9:r::.~US_, are restricted to a narrov-
:t:'f'nge of habi-c?::s. A: t!1.ou~h the four subdivisions of the 
cl1.vi:'onr.cntal c ~ndi J-= ~_ons have been made 0:':1 the basis of 
-chc soils and dr2i:1e.~c Ot2.tUG, thc se factors are i:'.l_. tu:~:: 
gove:Lned by geomorphological processes 0 Thus the :Cctrit2.1 
Lateri t os , Sl{el otal Soils on chort ~ and outcropping chc~:· -~ ~ 
may be seon as succes s ive stages in the erOSion of a~ 
originally much deeper lateri tic weathering profile. 0:..1. 
the other hand, the o.Jluviur:l of the drainage channel repre-
sents the accumulated products from this erosion o 
From the transect results, (Fig o 48), it is evident 
that the distribution of Polycarpaea spirostylis, 
Trianthema rhynchocalyptra and Gomphrena canescens is 
confined to the area underlain by the Detrital Laterite. 
As mentioned previously, P. spirostylis has long been 
considered an indicator of copper mineralisation in eastern 
Queensland, (Skertchley, 1897), while Trianthema rhyncho-
calyptra has been reported in the vicinity of mineral-
isation in parts of the Northern Territory, (Cole, personal 
communication). Moreover, it will be recalled that 
Gomphrena canescens, and likewise the low shrub, Tephrosia 
aff~ polyzyga, are common on the outcropping lead-zinc 
deposits at Areas A and B, though also occurring on un-
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mineralised rocks in these areas. 
The geochemical data, however, seems to rule out the 
possibility of these species being associated with, at 
least, near-surface mineralisation in the Weimool Springs 
Grid Area, (Fig~ 48). Although the tenor of lead and zinc 
inc~eases in the near-surface alluvium of the drainage 
channel, the level of enrichment , (150 ppm), is still of 
a comparatively low order. Relatively high values for 
these elements also occur in the Skeletal Soils on the 
chert south of the wash area , and over the region of chert 
outcrop at the northern end of the transect. On the other 
hand, the surface horizons of the Detrital Laterites, 
where P. spirostylis, G. canescens and T. rhynchocalyptr~ 
are most abundant, show the lowest values for all three 
metalse 
Moreover , analysis of the profile samples indicates 
little marked variation between the metal content in the 
surface soil layers and that of the deeper horizons. It 
is true that both lead and zinc show a minor increase with 
depth in the profile through the lateritic gravel at lOON, 
but similar gradients are absent in the remainder of the 
profiles through this zone. The metal content in the allu-
vium of the drainage channel remains relatively constant 
with depth, while the profile thro~gh the Skeletal Soil 
on cherts to the south shows only a minor rise in the zinc 
content in the deeper soil layers e 
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The distribution of Tephrosia aff. poly~yg~ and 
G~mphrena canescens at Areas A and B indicates that thS~ Q 
species can grow equally well on the mineralised surface 
crusts as on barren rocks, suggesting that their occurr·· 
enc e in the Wej_mool Springs Grid Area is probably not 
significant as regards the possibility of underlying 
mineralisation. As mentioned previously, the specieq 
p" spirostylis and ~~~hynchoc~lyptra tend to congrega~8 
on the pockets of lateritic gravel within the area occupied 
by the Detrital Laterites. It would seem, therefore, 
that these species represent a variation of the normal 
ground vegetation in response to the high proportion of 
laterite nodules in the near-surface soil horizons. 
Possibly the higher iron content of these soils is the 
controlling factor governing this alteration in the herb-
aceous stratum, but this requires further investigation. 
However, in spite of the low order of the ore-metal 
enrichment in the soils of this area, the possibility 
remains that mineralisation is present in the underlying 
rocks . As will be discussed in the following section, 
several of the plant samples collected from the Grid con-
tained relatively high lead and zinc contents. Secondly, 
assuming mineralisation were present in the bedrock, its 
presence might not be reflected in the surface soil hori-
zons due to the thick chert deposit . And thirdly, the 
higher metal contents found in the alluvium of the drain-
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age channel possibly indicate that lead and zinc are bei:')g 
fed into the drainage from outcropping or sub-outcropping 
Mineralisation further upstream.. Until further studies 
hcwe been made in t his region, however, the significanc2 
of these observations cannot be fully elucidated G 
Conclusions 
The most widespread vegetation unit occurrj.Dg i r. 
the Weimool Springs Grid Area is that developed on the 
Detrital Laterites. The vegetation developed on thes e 
acid , well-drained soils comprises numerous tree species, 
ant. The low Petalostigma quadr~~oculare is the sole 
member of the shrub stratum, while the tall to medium 
height grasses, Andropogoneae indeto, (Bulman No o 135), 
Chrysopogon pallidus and the unidentified grass, Bulman 
NOe 123, dominate the ground vegetation. 
(ii) • Relatively poorly-drained acid clay soils with 
abundant chert inclusions have been developed on the under-
lying cherts where the lateritic gravel has been removed 
by erosion. These regions are occupied by a depauperate 
vegetation of Erythrophleum chlorostachys, Eucalyptus 
!§ctifica, Andropogoneae indet., (Bulman No, 156), and 
Qhrysopogon pallidus . 
(iii)~ Where the chert comes to the surface, as on the 
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steeper ground in the north of the area, the character-
istic vegetation consists of the species, Erythrophleum 
chlorostachys, Eucalyptus tetrodonta, Terminalia ptero-
carya, Petalostigma guadriloculare, Tephrosia sp . (Bulman 
No. 118) , Chrysopog~n pallidus and the herb, Galactia 
muelleri . 
(iv). The shallow drainage channel traversing the area 
is occupied by the trees , Erythrophleum chlorostachys and 
Eucalyptus tectifica, and the grasses, Andropogoneae 
indet. , (Bulman No o 156), and Heteropogon contortus . 
(v) . Regions where the surface soil horizons are domin-
ated by laterite nodules are generally occupied by a 
distinctive assemblage of herb and grass species. These 
comprise Polycarpaea s2irostylis , Trianthema rhynchocal-
yptra and the unidentified grass, Bulman No . 123. The 
normally widespread grasses , Chrysopogon pallidus and 
Andropogone~e indet ., (Bulman No. 156) , show a corres-
ponding decrease in abundance in these areas . 
(vi ) • Although P . spirostylis and T. rhynchocalyptra 
have been observed over ore-deposits in other regions of 
northern Australia , an.E: 'I'e~QS1~ ~f~.~ :..:, .. e..g~Y¥;Yg~_ and Gomphren 
canescens occur on lead- zinc mineralisation in the Bulman 
Area , their occurrence in the Weimool Springs Grid is 
apparently unrelated to near- surface mineralisation . It 
is possible , however , that the relatively high concentrat -
-- 3 ~ 7 -
ions of lead and zinc in the alluvium of the drainage 
channel is related to mineralisation somewhere in the 
vicinity, but this requires further investigation. 
(vii)e There seems little doubt that the variations in 
the vegetative cover occurring within the Weimool Springs 
Grid Area, both on a large scale and as regards the minor 
changes in the ground v egetation, are governed by edaphic 
and drainage factors. The various vegetation groupings 
described above are each characteristic, (though there is 
much species carry-over from one group to the next), of 
sites differing in soil depth, tBxture and drainage status. 
Neglecting the alluvium of the drainage channel, these 
various sites represent stages in the stripping of the 
former lateritic weathering profile which once occupied 
the region . These stages are Detrital Laterites derived 
from the ferruginous zone, Skeletal Soils developed on 
weathered pallid zone material, (chert), and stripped 
pallid zone. Hence l~ng-term geomorphological processes 
also have a bearing on vegetation distribution in this 
area . 
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SECTION J: BIOGEOC~~MICAL __ ~NVESTIGATIONS IN THE BULMAN 
AREA 
(1 )-. Introduction 
Biogeochemical investigations in the Bulman Area were 
more limited in scope tha~ those at the Dugald River. 
Sampling was generally r estricted to those species associ-
ated with the lead-zinc mineralisation in the area, or 
which had been reported in the vicinity of mineralisation 
in other regions. As in the TIugald River Area, the pla~ts 
were analysed for copper, lead and zinc. 
The primary aims of the investigations were twofold; 
(i). To investigate the relationships between the 
copper , lead and zinc contents in the plants and the 
concentrations of these metals in the soils overlying 
mineralisation, with a view to determining the factors 
governing plant distribution in these areas . 
(ii). To investigate whether the species associated 
with mineralisation in the Bulman Region , and those 
reported in the vicinity of mineralisation in other 
areas, contained anomalous concentrations of copper, 
lead and zinc when growing in areas not known to be 
mineralised. 
The physiological processes involved in the absorption 
of metals by plants, the literature on biogeochemical met-
hods and the analytical methods and presentation of results 
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have been discussed on pp. 185 - 192. 
Seven samples of herbaceous species and one sample 
of the shrub, Tephrosia aff. polyzyga, were collected 
from Area A, the main occurrence of lead-zinc rnineral-
isation within the Bulman region. In the Weimool Springs 
Grid Area six herbaceous species have been sampled and a 
further sample of Tephrosia aff. polyzyga analysed. -
Finally, three herbs were collected from areas not known 
to be mineralised . The results from these three groups 
of samples will be described in turn. 
(2) . Plant analyses from Area A 
In agreement with the relative proportions of zinc, 
lead and copper in the ore- deposits and overlying soils 
of this area, the plants contain decreasing quantities of 
these metals in the order named , (Table 30). 
The level of zinc in the plants ranges from 1500 to 
135,000 (167 . 1 to 13 , 500) ppm compared with a range of 
600 to 85 , 000 ppm in the underlying soils . x The highest 
values within the aerial parts of the plants occur either 
in the leaves or the stems . 
In the case of lead, the results of analyses of the 
XFootnote :- As in the Dugald River Area , the results of 
the plant analyses are given first as the metal content 
in parts per million of the ash , followed , ( in parenthesis) 
by the metal content in ppm of the oven-dry material . 
The results for soil analysis refer.' to minus 80 mesh 
samples collected at a depth of 6 to 8 inches . 
.-. )5 0 --
Table 30 r.1 i:~2.~:lJ§._nco_"s!'l~B1?p.~J-2...!.S.. k' l~lyses of Pl21'lt Srun:;?les fro~ Area A, EulL'lall. 
Ur1"';:1illorL, d ·:y-nsh cd H[\ ce:r.ial c 
No . Species 
.. - _.- , .. - -"r ... 
Stnt i c n on: Part 
TrnllSGct/ ' of 
Location :Plant 
7~ 
Ash 
;Flmvers : 9.06 
ppm of oven-dry 
ppm of c' ah material 
... .......... .. ........... .. .... ......... . Cu/Zn ................................... .. 
Cu Pb : ZnRatio . Zn 
40 ; 2400 ' 6750 . 0 . 006 
.. . .. -. i. .. ... ......... - .. .... .. . . " . . . -:... - - .. . 
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plants range from 85 to 8000, (10.03 to 495) ppm while 
the lead content in the underlying soils ranges from 235 
to 6800 ppm . Again the highest values are found either 
in the leaves or stems . 
Evidence of copper mineralisation in the ore-deposits 
of Area A is sparse"- The soils consequently show rela-~­
iVelf low values for this metal, ranging from 45 to 475 
ppm. The level in the plant samples ranges from 22~5 to 
300 (1~53 to 13.20) ppm, with the higher values generally 
occurring in the leaves or stems. 
The majority of the species sampled are associated 
with the ore-deposits, or have been observed in the 
vicinity of mineralisation in other areas. The low sedge, 
Fimbristylis schultzii is restricted to the mineralised 
superficial crusts of Areas A and B. The sample analysed) 
(No~ 41/48), is high in lead and zinc in keeping with the 
high concentrations in the underlying soil . The level of 
copper in the plant is low, though the soil is comparat -
ively rich in this metal. On an oven- dry weight basis, 
the maximum value for copper occurs in the flowers , while 
the higher concentrations of lead and zinc are found in 
the leaves . 
The second sedge sampled, Bulbostylis barbata, was 
also found in the Dugald River ATea; In contrast to its 
occurrence in this region, however, the plant shows no 
direct affinity with the mineralisation in the Bulman 
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region. The sample analysed from Area A lay in the pat~ 
of drainage from a spoil heap of mineralised rocko The 
soil is therefore relatively high in lead and zinc an& 
the plant, particularly the stems, is enriched in these 
metals . The concentration of copper, lead and zinc in 
the flowers is considerably lower than that in the ste~s 7 
this again contrasts with specimens sampled from the 
Dugald River Area, where the flowers gen~rally showed the 
highest degree of metal enrichment. 
Three samples of different species were collected froln 
the assemblage developed over the superficial mineralised 
crust at the 00 point of the transect, (Fig . 46)G PolY-
carpaea synandra var, gracili~ (Sample 41/49) shows a very 
close correlation with the surface outcrops of the ore-
deposits. The concentration of zinc and lead, particular-
ly the latter, is very much higher in the stems than in 
the flowers of this sample, while the stems also show a 
slightly higher degree of copper enrichment G The level 
of lead and zinc in the stems of P. synandra var. gracilis 
is considerably higher than in the samples of Aristida 
browniana and Tephrosia aff . polyzyga from this locality. 
The sample of Euphorbia sp., (Bulman No . 172), was 
collected from an area underlain by dolomite, where, how-· 
ever, the soils were relatively high in lead and zinc. 
Both the leaves and stems of the sample contain appreciable 
quantities of zinc, but only the stems show a marked en-
, ' 
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richment in lead. The level of this element in the 
leaves is the lowest; of any sample, including flowers 
leaves and stems from Area A. , 
Comphrena canescens occurs frequently, though not 
exclusively , on the mineralised superficial crusts of 
Areas A and B. The sample analysed contains 1305% zinc 
in the ash of the leaves, (1.35% on an oven-dry weight 
basiS), compared with a soil concentration of 8.5% zinc. 
Both values are the maximum recorded in plant material or 
soils from this region. The concentration of this element, 
and ~~sd lead, in the leaves, is appreciably greater than 
their concentrations in the flowers or stems of this 
sample . The leaves also show a slightly higher degree of 
copper enrichment than the other aerial parts of the plantc 
The low herb, Galactia muelleri, is widespread over 
Areas A and B, but shows no distinct association with 
mineralisation. The sample analysed was collected from 
sub-outcropping chert near the western end of the transect; 
where the soils are low in lead and zinc compared with those 
elsewhere on the upland region. The plant, particularly 
the leaves, contains appreciable quantities of these 
metals, however. Copper is low in both the plant and the 
underlying soil, but again the maximum value in the plant, 
on an oven-dry weight basis, occurs in the leaves. 
(3). Plant analyses from the Weimool Springs Grid 
Six samples of herbacGous species and one sample of 
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the low shrub, Tephrosia aff. polyzyga, were collected in 
this area . Notwithstanding the low levels of copper, 
lead and zinc in the soils of the region, some of the 
plant samples contain relatively high concentrations of 
these elements, (T able 31) . 
The results fnr copper, (including all aerial parts), 
range from 22.5 to 225 (1,60 to 8.50) ppm compared with a 
range of from 5 to 37.5 ppm in the underlying soils. The 
values in the plant samples are of the same order as those 
obt ained from the samples from Area A where, however, the 
soils are appreciably higher in this metal. No definite 
pattern in the distribution of copper within the aerial 
parts of the plants is evident, high values cccurring in 
the flowers , leaves and stems. 
Several of the plant samples, particularly the stems, 
contain appreciable quantities of lead . The concentration 
in the plants ranges from ; .... 5 to 550 « ~ 1 to 22 . 37) ppm 
over a range in soil lead content of 15 to 105 ppm . The 
maximum values in the aerial parts of the plants generally 
occur" in the stems, 
The soils of the area are also poor in zinc. The 
concentration in the near- surface soils underlying the 
plant samples shows a range of 25 to 150 ppm. Again , how-
ever , several of the plants sampled contain appreciable 
amounts of this element, with the higher values generally 
being found in the flowers or the leaves. The level in 
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Table 31: [U.§.S:ellaneQ.lliLSng9.i§.§.. Analyses of Plant Samples from Weimool Springs Grid, BuJ.man. 
Un-milled, dry-ached material. 
........ " ... " .................................. ! ........... ............... -, 
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the plants ranges from 130 to 1160 (10 . 62 to 63 . 00) ppm • . 
The majority of the species collected in this area 
have been observed in the vicinity of mineralisation, 
either in the Bulman Region or in other parts of Northern 
Australia. The small shrub , Tephrosia aff . polyzyga, 
occurs on the mineralised superficial crusts of Areas A 
and B, but also has a scattered distribution in the Weimool 
Springs Grid Area. Owing to its small size , the analysed 
sample was a composite one , comprising material from a 
number of different specimens growing south of the drainage 
channel, (Fig. 47B) . As in the sample from Area A, most 
of the leaves had been shed at the time of collection , 
and only the stems were available for analysis . These 
contain a relatively high concentration of zinc , though 
the levels of copper and lead are low . 
Polycarpaea corymbosa is fairly common on the alluvium 
of the drainage channel which traverses the Grid . This 
material contains higher amounts of copper , lead and zinc 
than the soils of other parts of the area , (Fig . 48) , but 
only zinc shows an appreciable enrichment in the plant . 
The maximum value for this metal occurs in the flowers, 
while lead and copper show the highest degree of enrich-
ment in the flowers and leaves respectively . 
The sample of Gomphrena canescens , was collected from 
the zone of lateritic gravel north of the drainage channel , 
where the herb is fairly common. In contrast to the 
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sample collected from the mineralised superficial crust 
of Area A, (Table 30), where the maximum concentrations 
of copper, lead and zinc were found in the leaves, this 
sample shows the highest degree of metal enrichment in 
the flowers o The plant contains relatively low amounts 
of copper and lead, but an appreciable quantity of zinc~ 
The distribution of the low herb, Trianthema 
rhynchocalyptra, shows a close correlation with the areas 
north of the drainage channel where~he surface soil is 
largely composed of lateritic nodules. The sample anal-
ysed shows maximum metal enrichment in the stems. On an 
oven-dry weight basis this organ contains a higher level 
of lead than any other plant sampled in the Weimool 
Springs Grid Area. The enrichment in zinc is less striking 1 
but the result for copper is also comparatively high for 
this area . 
Two samples of Polycarpaea spirostylis were collected 
from areas with a veneer of lateritic gravel . These soils 
are l~w in copper, lead and zinc, but the plant samples 
contain appreciable quantities of these metals, particul-
arly the last. The highest enrichment in zinc occurs in 
the leaves, that for lead in the stems, while in one 
sample the maximum value for copper, (on an oven-dry 
weight basiS), is found in the flowers, and in the stems 
of the second sample. 
A sample of the Unidentified grass , Bulman No . 123, 
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was collected from the same locality as the second sample 
of P . spirostylis. Comparing the level of copper , lead 
and zinc in the two samples , it is apparent that the 
flowers and stems of P . spirostylis are appreciably higher 
in lead ~han the grass . Copper shows little variation 
between the two species , while the zinc content in the 
grass is of the same order as in the flowers of the herb, 
though half of that in the leaves . 
(4) . Plant analyses from areas remote from known mineral-
isation 
Three samples of different herb species were analysed 
from regions which , on the available geological evidence , 
were devoid of mineralisation . Within this group of 
samples , copper ranges from 15 to 105 (2 . 00 to 5 . 64) ppm ; 
lead from <. 10 to 125 ( ':: .. 0 . 67 to 4 . 22 ) ppm and zinc from 
80 to 440 (7 . 49 to 18 . 87) ppm , (Table 32 ). 
Two of the species sampled , Polycarpaea synandra var . 
gracilis and Gomphrena canescens , are common on the out-
cropping lead-zinc ore deposits of Areas A and B, while 
the third , Heliotropium fasciculatum , shows no direct 
association with the mineralisation in this region . 
P. synandra var . gracilis was sampled from the black 
soil plain south west of Area A, (Fig . 41 ), where the 
herb covers quite an extensive area . This was the only 
occurrence observed in areas remote from known mineral -
isation . The plant shows no marked enrichment in copper 
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Table 32: Hiscel1?Jle~Species. Analyses of Plant Samples from Areas not known to be rilineralised, Bulman. 
Un-milled, dry-ashed material. 
No. : Species 
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or zinc , while lead is at the lower limit of detection 
in the flowers, leaves and stems , Ac'1.alyses of two soiJ 
samples from the vicinity of the plant gave rather con-
flicting results. One sample contaj.ned relatively hig~ 
concentrations of cop:?er 2.':ld z:"nc, while the :..:econd was 
low in both metals. The tenor of lead was low in both 
samples . 
The remaining samples were collected from t~e region 
north-west of the Weimool Springs Grid, and near the li~e 
of the Bulman Fault 0 _GoQ!:p_hf~:Q~~~§ceE~, w:1.ile COl'lli!lor:. 
on the superficial crusts at Areas A and B, elso ha3 a 
scattered distribution in areas occupied by lateritic 
gravel . Sample 41/62 contains relatively low concentrat-
ions of copper, lead and zinc, while the underlying soil 
is also poor in these elements. The sample of Heliotr~pium 
fasciculatum was collected from an area of outcropping 
chert still farther to the north-west of the Bulman Pros-
pect . Here again the plant shows low enrichment in copper 
and zinc, though the stems contain an appreciable quantity 
of lead . 
(5). Discussion 
Although insufficient samples have been collected for 
a proper estimation of the normal or. "background 11 levels 
of copper, lead and zinc in the herbaceous plants of the 
Bulman Area , it would appear that the overall conc entrat-· 
ions of the first two metals, and possibly also of lead, 
. . 
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are higher than there at the Dugald River . The mear,l back-
ground values for copper, lead and zinc in the latter 
area were 44 (2 . 42) ppm, .·::::10 « . 1) ppm and 119.3 (6 . 52) 
ppm respectively, (Table 8). Comparison of these values 
with the results of plant analyses from areas not known 
to be mineralised in the Bulman region, (Table 32), indic-
ates that the level of copper and zinc in the latter group 
of samples is generally higher . Although Polycarpaea 
synandra var . gracilis and Gomphrena canescens are found 
in the vicinity of the ore-deposits in the Bulman Area 
and may, therefore, like Polycarpaea glabra in the Dugald 
River Area, show a tendency to metal accumulation even in 
barren areas , the level in these two samples is not 
appreciably higher than in the sample of Heliotropium 
fasciculatum . This species shows no direct association 
with mineralisation in the Bulman Area . 
As in the Dugald River Area , the distribution of cop-
per , lead and zinc within the aerial parts of the plants 
varies widely . At the higher concentrations of soil lead 
and zinc, the maximum values within the plants were found 
either in the leaves or the stems . ( Since the different 
organs varied in ash content , this discussion is based on 
the metal content in the oven-dry material ). When growing 
in soils containing small quantities· of these metals , 
however , some species showed the greatest degree of en-
richment in the flowers . 
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From the evidence provided by Bulbostylis barbata, 
it would appear that differences in the distribution of 
metal within the aerial parts of one species may occur 
from one region to another . In the sample analysed from 
Area A the metal maxima occurred in the stems, while in 
the samples from the Dugald River Area the higher metal 
contents were almost invariably found in the flowers, 
(Table 20). 
The results also indicate that different species of 
the same genus may show variation in the distribution of 
metals within the aerial parts. Thus, in the sample of 
polycarpaea corymbosa from the Weimool Springs Grid , the 
higher values for lead and zinc were found in the flowers 
and that for copper in the leaves. Samples of P. spiros-
tylis from the same area, however, showed the maximum lead 
enrichment in the stems , that for zinc in the leaves , 
while the highest values for copper occurred either in 
the flowers or in the stems . 
Comparison of the results of analyses of Gomphrena 
canescens from the Weimool Springs Grid with that from 
Area A also shows that the distribution of lead and zinc 
within the one species may vary according to the tenor of 
these metals in the soil . In the sample from the former 
area , the higher values for lead and zinc occurred in the 
flowers . In the Area A sample, however , the maximum con-
centrations of these elements were found in the leaves . 
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The distribution of copper also varies, though the level 
of this metal between the two areas shows a smaller dif-
ference than lead or zinc. In the Weimool Springs Grid 
sample the flowers show the highest degree of enrichment, 
while at Area A it is the leaves. 
The reason for these variations in the distribution 
of metal, both between and within the plant species, is 
unclear . The explanation possibly lies in differences in 
the physiological processes involved in metal uptake with-
in the plants, but extensive experimental work would be 
required before this could be confirmed. The variations 
do illustrate, however, the desirability, where possible, 
of sampling only one part of one species in biogeochemical 
prospecting within a region. 
The majority of the plant samples collected in the 
Weimool Springs Grid Area showed a higher degree of en-
richment in lead and zinc than the samples from other 
areas remote from known mineralisation within the Bulman 
region . Whether these high values are related to mineral-
isation is at present unknown. Most of the plants were 
collected from the zone of lateritic gravel, where the 
geochemical results indicate low concentrations of lead 
and zinc. Although the alluvium of the drainage channel 
traversing the Grid contains slightly higher levels of 
these metals, (Fig. 48), the sample of Polycarpaea corym-
bosa from this locality showed no appreciable increase in 
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the concentration of ~ad and zinc over the plants f rom 
the zone of lat eritic gravel, (Table 31) . 
Comparison of the copper : zinc ratios within the t ro 
e roups of samples i~c.ic at es thr.t , generf'.lly s:9cak:Lne; , t '.,:; 
co pp c ,:,: zinc r atios j_Y1. -::he WeL':".ool Spr ir-. f7 s G::-i C. sa:-')l ec 
;-\:;:-'e lower than tho se from pl 8.11.ts growinG in o-'c ~1.er areRC 
l"emot e from knovm minernlis atio:l. The :-lean copp c. :-:- ~ L'.:': :. 
r2:~ io in the sc:unpl es, ( 2'.11 e.eri ~.1 parts) f r om the for~~e:; ­
area is On168 and t he r P.nge 0 .050 to 0.37, CO:-.lpA.r ec. r:i t'.l 
F\. mean of 0. 26 and r ange of 0.12 to 0 . 34 iL1 t he o[_::,ploo::: 
from areas r emot e from knOVTn mineralisation. Pur~.:;l1 ·::;r 
sampling of plants from un- mineralised localities in the. 
Bulman region would be required before this difference 
could be termed significant, but it is interesting to note 
that about one- third of the Weimool Springs Grid samples 
gave copper:zinc ratios below the value of 0,10 In ~he 
Dugald River Area ratios below this value were considered 
as probably indicative of zinc mineralisation in the 
underlyi ng rocks ~ 
Until further studies , both geochemical and biogeo-
chemical, have been carried out in the Bulman region, the 
significance of the enrichment in lead and zinc shown by 
the plants of the Weimool Springs Grid Area , and the low 
copper : zinc ratios , cannot be fully elucidated . 
The results from Area A indicate that the plants grow··· 
ing over the mineralised superficial crusts of this area 
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can absorb extremely high concentrations of lead and zinc 
without apparent injury. Although the level of copper in 
the underlying soil is generally higher than in the 
Weimool Springs Grid Area, (ranging from 45 to 475 ppm as 
against 5 to 37.5 ppm), the plants show no decided in-
crease in the concentration of the metal over the samples 
from the latter area . This tends to confirm the evidence 
obtained from several species in the Dugald River Area, 
ioe Q that up to a concentration of at least 600 ppm in 
the soil, no appreciable variation. in the level of copper 
in plants is likely to occur . 
Comparison of the metal uptake by the species Poly-
carpaea synandra var . gracilis, Aristida browniana and 
Tephrosia aff. polyzyga, from the same locality, (on the 
mineyalised superficial crust of Area A), indicates that 
the enrichment in lead and zinc shown by the three species 
decreases in the order named . This variation may be due 
to differences in the ability of the plants to absorb 
lead and zinc, but it may equally well be related to 
variations in the concentrations of lead and zinc in the 
underlying rock. Until a larger number of samples have 
been analysed, it is not possible to state conclusively 
that the three species show inherent differences in the 
uptake of metals . 
It will be recalled that, in the Dugald River Area, 
it was suggested that the species associated with mineral-
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isation had evolved separate ecotypes capable of with-
standing high metal concentrations in the soil. This was 
taken as a possible explanation of the variations in the 
rate of metal uptake shown by the species at different 
concentrations of lead and copper in the soil . Intra-
specific variation might also serve to explain the fact 
that all these species occurred both in the vicinity of 
mineralisation and in areas where the tenor of copper, 
lead and zinc in the soils was low . 
More extensive sampling would be required to show 
whether the species associated with mineralisation in the 
Bulman region , i . e . Polycarpaea synandra var . gracilis, 
Gomphrena canescens , Tephrosia aff . polyzyga , Aristida 
browniana and Fimbristylis schultzii , show variations in 
the rate of metal uptake of this kind . However, with the 
exception of the last- named , al l these species were ob -
served in regions where the soil s were low in the analysed 
el ements . In view of the abrupt change in the vegetation 
over the ore- deposits , it is apparent that the presence 
of excessive quantities of lead and zinc in the rooting 
medium has a marked effect on plant distribution . Since 
most plant species are restricted to relatively narrow 
range of habitats , it might be expected that the species 
occurring on the ore- deposits would be restricted to these 
areas . Since this is evidently not the case , then intra-
specific variation may serve as a possible explanation of 
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their distribution patterns. It is suggested that the 
species occurring on the ore-deposits have evolved separ-
ate ecotypes , better adapted to the conditions obtaining 
in these areas than the species populations found in are~s 
where the soils are low in the ore-metals. 
It is also possible that the variations in the mode 
of occurrenc~ and in the distribution of metal within the 
plant, ~indicated by. BuloostYlis barb2. ta bc:et\'::::rrn -':;':1.8 -Du-1mcrn 
and· the Dugald River Areas may be related to intraspeci-
fic variation within the species . It is suggested that 
the plant has evolved a separate ecotype in the Dugald 
River Area, capable of surviving under the toxic condit-
ions of the ore- deposits , while in the Bulman region no 
such ecotype has been produced. The variation in the dist-
ribution of metal within the plant may therefore be related 
to the fact that two separate ecotypes were sampled 0 
As in the Dugald River Area , however, growth experi-
ments under controlled conditions would be required before 
it could be conclusively stated that intraspecific variat-
ions of the type suggested have occurred in the plants 
associated with mineralisation in the Bulman region. 
(6). Conclusions 
(i)e Samples of herbaceous plants from un- mineralised 
localities in the Bulman region generally contained amounts 
of zinc , copper and lead in decreasing order of abundance . 
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(ii) . Although relatively few samples have been analysed, 
it would seem that the background levels of copper and 
zinc , and possibly also of lead , in the herbaceous plants 
growing in this region are higher than those of the Dugald 
River Area . 
(iii) . The plants growing over lead and zinc mineral-
isation contained considerably higher concentrations of 
these elements than similar plants growing in areas remote 
from mineralisation . 
(i v) • The plants sampled from Areas A and B, where the 
soils are comparatively rich in copper, showed little in-
crease in the uptake of this meta;L:..bver plants from the 
Weimool Springs Grid , where the soils are low in this 
metal. This confirms the findings in the Dugald River 
Area, i . e . that little increase in the concentration of 
copper in herbaceous plants takes place up to a soil copper 
content of at least 600 ppm. .-
( v ) • . Wide variations in the distribution of metals 
within the aerial parts of the plants occurred , both from 
species to species and according to the metal in question. 
on the evidenc e of the herb, Gomphrena canescens, it 
appears that the distribution of metal within one species 
may vary according to the metal concentrations in the 
underlying soil . At low soil metal contents , the maximum 
values for copper , lead and zinc in the aerial parts of 
. . 
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this plant were found in the flowers. At the higher 
levels of soil lead 2nd zinc content, however, the maxi!!'.'JJ!l. 
values occurred in the leaves. 
(vi) • Analyses of saDples of Bulbostyl~? barbat~ frou 
both the Bulman and Dugald River Areas indica:'.:es that va::'i-
ations in the distribution of metal within the aerial 
parts of one species may occur bet/een different regic~s, 
In the ])ugald River Area this species, frequently, thouGh 
not exclusively, associated with mineralisation, showed 
the highest degree of metal enrichment in the flowers. In 
the Bulman Area however, where the plant does not occur 
on the ore-deposits, the highest values in the plant were 
found in the stems. These variations in the distribution 
pattern, and in the distribution of metal within the 
aerial parts of the plant, may be related to intraspecific 
variation within Bulbostylis barbata. 
(vii). Samples of herbaceous plants from the Weimool 
Springs Grid Area generally contained higher quantities of 
lead and zinc than plants from other areas not known to 
be mineralised . Moreover, the mean copper:zinc ratio in 
the samples from the Weimool Springs Grid was considerably' 
lower than that from the latter group of samples. These 
variations may be due to the presence of mineralisation 
in the rocks below the Weimool Springs Grid Area, though, 
apart from the alluvial soils of the drainage channel 
which traverses the area, the soils are generally low in 
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these metals. 
(vij_i). Samples of 1?-.?1-:'L~~:ry2ea.3.~a~~E_'?: var • . graq_~\,i~ 
a'2d Gom@.rena_<?..a!l.e~9~n8_, species which ot;cur on the 182:',-
:;dnc ore-deposits of PJe :::-egion, d:-:'d not cont2.i_n abnoT:-'_2.~_ 
quan-;;:Lties of coppcr, 2.c'"'.d 0::' Zj.'1.8 \y~cn growj_:.~.s in 2.::'89.'"1 
TC':1'Jte ::rom kno"l::1. mi-:'1.or2.1isation, Analysis 0-:': the nca.:':'" 
Elurinc e soil in the vic ini ty of th3 R.:,~.:Y:!~~f.~~ Ve-,', 
gT':---'C':..tlis occur~enc e gave conflicti~g results, one [.8.::-.1pl G 
contaj_ning appreciable quantities of copper and zinc anc"'. 
the second containing small amounts of these metals. 
Lead was Imv in both samples. The soil of t~~o G. c~nE'. r- ? 3Y1-:::' 
occurrence was poor in all three metals. Further inves'G-
igations, particularly of the Po synandra var. graci~is 
occurrence, (since this species shows the closest correl-
ation with the mineralisation at Areas A and B), would be 
required before it can be stated that the occurrence of 
these plants in areas remote from known mineralisation is 
indicative of ore-deposits at depth. 
(ix) • It is possible that edaphic ecotypes, of the type 
postulated for the species associated with mineralisation 
in the Dugald River Area, have also been evolved by the 
species occurring on the ore-deposits in the Bulman region, 
With the exception of Fimb~istylis schultzii, all these 
species may be found in areas where mineralisation has not 
been proved and where the soils contain low concentrations 
- 371 -
of ore- metal . Although more extensive sampling, and 
preferably growth experiments, would be required to con-
firm this , intraspecific variation would seem to offer a 
reasonable explanation nf the distribution patterns of 
these plants. It is suggested that these species have 
evolved separate ecotypes , capable of withstanding higher 
concentrations of lead and zinc in the rooting medium than 
the strains growing in barren areas. Their adaptation to 
these conditions may lie in their better ability to absorb 
large quantities of lead and zinc than the strains, or 
other more widespread species, which occur in un- mineral-
ised regions. 
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SECTION K: Smv~Y OF CONCLUSIONS REGARDING VEGETATION 
DISTRIBUTION IN THE BULMAN AREA 
(1) . Summary of conclusions on the distribution of the 
major vegetation units 
(i). Large tracts of upland country in the Bulman Area 
are occupied by a tall to mid-height Savanna Woodland sub-
formation . This comprises a fairly open tree canopy, a 
shrub layer which is absent or poorly-represented , and a 
dense herbaceous vegetation dominated by tall perennial 
grasses . As the elevation decreases: this unit gives way, 
first to a more open association intermediate between 
Savanna Parkland and Grassland, and then , on the poorly-
drained alluvial plains , to an extensive Savanna Grassland . 
Small areas of calcareous soils on the plains support a 
Thicket sub- formation. 
( ii) . Separate communites or associations within the 
Savanna Woodland sub- formation are characteristiQ~ of the 
three main types of upland topography . These comprise 
massive cherts , ( interpreted as pallid zone material of a 
former lateritic profile , and in places veneered by later-
itic gravel ), dolerite sills and the carbonate rocks of 
the Bulman Formation . The ~t two rock types give riseto~ 
shallow gravelly soils . 
Although many species , particularly Erythrophleum 
chlorostachys , Gardenia megasperma, Vetiveria elongata , 
Chrysopogon pallidus and Andropogoneae indet ., (Bulman 
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(c1n~ eve r 
No. l56)'l-from one of these environments to the next, the 
association occurring on the cherts is distinctive, both 
in floristic composition and by the taller stature of the 
tree species , from those occurring on the other habitats . 
These show a closer similarity. 
(iii) .. 'rhe deep alluvial soils which occupy regions of 
low elevation in the Bulman Area may be subdivided into 
heavy dark- grey clay soils , fine-textured calcareous 
soils, and calcareous soils with gilgai development and 
S r"n1.(\I,d 
calcrete nodules .. Pure Savanna Wooalana, dominated by 
porghum spo, (Bulman No . 184), Chionachne cyathopoda and 
Iseilema vaginiflorum , is restric1ed to the dark grey 
clays and to part of the area occ~pied by the calcareous 
soils with gilgais. The remainder of the latter area 
supports a dense Thicket of Piptu~us argenteus . The fine-
textured calcareous soil without gilgai micro-relief 
carries a Savanna Grassland studdei by the palm , Pandanus 
(i v) • The distribution of the major vegetation units 
within the Bulman Area is largely governed by drainage 
and edaphic factors , which in turn are influenced by the 
relief . The edaphic factor is of particular importance , 
since this affects not only the pH of the soil , but the 
water-hOlding capacity_ Both have an important effect on 
vegetation distribution within the region . Although the 
nature of the bedrock geology lRrgely det8rmi n80 ti1.e 
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character of the Skeletal Soils, this is masked by alluv-
ium or deep soils over a large part of the region . Hence, 
G~,-~ (~S the c.is-tr:"Jution of the associations and communi ties. 
(2) . Summary of conclusions on the distribution of plant 
species associated with mineralisation 
(i) . Zones of outcropping lead-zinc mineralisation in 
the limestone and dolomite rocks of the Bulman Area are 
occupied by an assemblage of Polycarpaea synandra var. 
gracilis , Gomphrena canescens, Aristida browniana, Teph-
rosia aff . polyzyga and Fimbristylis schultzii . 
(ii) • With the exception of Fimbristylis schultzii, 
all the assemblage species may be found in regions where 
mineralisation is unknown , and where the soils are relat-
ively low in the ore-metals . In these regions , however, 
the species are generally found as sub-dominants of the 
"normal" vegetation , and have not been observed growing 
together as distinct assemblages as over the ore-deposits ~ . 
Of the remaining species , the distribution of Polycarpaea 
synandra var . gracilis shows the closest correlation with 
the zones of lead- zinc mineralisation, 
(iii). The mineralised zones differ little in relief , 
drainage or soil depth and texture from neighbouring areas 
underlain by barren rocks . It would seem , therefore, that 
the marked variation in the vegetation over the ore-
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deposits is related to some chemical property of the 
soils . Although this has not been fully investigated at 
Bulman , the work in the Dugald River Area suggests t~at 
phosphorus may be enriched in the soils overlying miner·-
alisation. The main factor governing vegetation distrj_b-· 
ution in these areas, however, is probably the high teno~ 
0= ~ead and zinc in the ~ooting medium. 
Civ), Although experimental work is required to confirm 
this, it is possible that the plants associated with 
mineralisation have evolved separate ecotypes adapted to 
these conditions. It will be recalled that variations i~ 
the rate of metal uptake by the corresponding plants in 
the Dugald River Area was taken as possible evidence that 
intraspecific variation had occurred . Insufficient pl~~t 
samples have been analysed to show whether metal uptake 
by the assemblage species in the Bulman Area also varies 
in this respect . Intraspecific variation may, however, 
explain the occurrence of the majority of these plants, 
both in mineralised regions , and in areas remote from 
known deposits and where the soils are comparatively low 
in the ore-metals. 
Cv). The plants occurring over the lead-zinc deposits 
are apparently well-adapted to very. high concentrations of 
lead and zinc in the rooting medium. No indication of 
chlorosis or other symptoms of metal toxicity were obs-
erved. Analysis of plant samples from these areas indic-
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ates that they are extremely enriched in the ore-metals 
compared with the tenor of these metals in plants from 
un-mineralised regions. Although further sampling is 
required before a definite conclusion can be drawn, it is 
possible that the asseMblage species, like their counter-
parts at the Dugald River, contain higher concentrations 
of the ore-metals than more widespread species when grow-
ing in the vicinity of the ore-deposits. This suggests 
that the species, or ecotypes, associated with mineralisat-
io~ can withstand higher quantities of the ore-metals in 
their tissues than members of the more widespread veget-
ation . This may serve as an adaptive mechanism which 
allows these species , or strains , to survive the high 
metal concentrations in the mineralised areas , while other 
plants therefore avoid these zones . 
(vi) . A sample of PolycarPgea synandra var . gracilis , 
growing on alluvial soils remote from known mineralisation , 
did not contain anomalous concentrations of the ore- metals . 
Analysis of the near-surface soils at this locality gave 
conflicting results , one sample being relatively high in 
copper and zinc while the second was low in both metals . 
Further investigation is required before it can be shown 
whether the plant, which otherwise is restricted to the 
outcropping lead- zinc deposits , is indicative of mineral-
isation in the underlying bedrock at this locality . 
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(vii). Polycarpaea spirostylis, Tephrosia aff. polyzyga, 
Gomphrena canescens and Trianthema rhynchocalyptra have 
been observed in the vicinity of mineralisation, either 
at Bulman or elsewhere in northern Australia. The occurr-
ence of these species in the Weimool Springs Grid Area, 
however, is not associated with metal enrichment in the 
underlying near-surface soils . In view of the comparat-
ively high concentrations of lead and zinc in plant samp-
les, and in alluvial material, from this area, it is pos-
sible that mineralisation is present either in the vicinity, 
or at some depth below the present-day ground surface. 
Secondary dispersion of lead and zinc from an ore-body in 
the bedrock below might be inhibited by the thick deposit 
of chert which underlies the region . This may lend an 
added significance to the comparatively high tenor of these 
metals in the plant material and stream alluvium, but 
further investigations are needed . 
(3). Summary of conclusions regarding plant prospecting 
methods 
(a) . Indicator plant prospecting 
(i) . With the exception of the low sedge, Fimbristylis 
schultzii, no species has emerged as a sure indicator of 
base-metal deposits in the Bulman Area . Apart from this 
plant, all of the species occurring over the lead-zinc 
mineralisation at Areas A and B have also been observed 
growing in regions which, on the available geological evid-
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ence , were devoid of mineralisation and where the soils 
showed little enrichment in the ore-metals. 
(ii). In view of its inconspicuous appearance, F. 
schultzi~, would appear to have little value as an indic-
ator plant in reconnaissance prospecting for lead and zinc 
in this region . Of the remaining species associated with 
mineralisation, Polycarpaea synandra var~ gracilis shows 
the closest liru{ with the ore- deposits , but this species 
is also rather difficult to distinquish from a distance. 
It has small white inflorescences, short erect stems which 
wither to a brownish colour during the dry season, and 
small l eaves . Gomphrena canescens , with its large reddish 
globe-shaped flowers, has a more striking appearance, but 
this species is relatively common in un-mineralised regions. 
Likewise , the low shrub , Tephrosia aff . polyzyga, and the 
annual grass , Aristida browniana , are comparatively frequent 
both in mineralised and barren areas . 
(iii). Although the majority of the species associated 
with mineralisation have also been found in barren regions, 
they have not been observed growing together in distinct 
assemblages in the latter areas . While , therefore, indiv-
idual occurrences of the species in areas remote from 
known mineralisation cannot be cons.trued as indicative of 
an ore- deposit at depth , the present evidence indicates 
that the occurrence of the species as a distinct assembl~ge 
is propably related to underlying mineralisation . 
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(iv). Polycarpaea spirostylis has been used as an indic-
ator plant for copper in eastern Queensland, but the dist-
ribution of this species in the Bulman region shows no 
obvious link with mineralisation . Likewise, Bulbostylis 
barbata shows a certain affinity with base-metal deposits 
in the Dugald River Area, but is not associated with the 
mineralised zones at Bulman . Thus a species which may be 
utilised as an indicator plant in one region, may not be 
assumed to show the same characteristic when found in 
another ,distant area . 
(v). Although the present investigation was in the 
nature of a reconnaissance survey, and further work in the 
region might give more encouraging results, it would seem 
that the indicator plant prospecting method shows less 
promise in the region compared with the Dugald River Area . 
In part this is related to the more luxuriant ground 
vegetation in the Bulman Area , the taller grasses forming 
a denser cover than at the Dugald River . Moreover, the 
species associated with mineralisation at Bulman have, 
generally speaking, a much less distinctive appearance 
than the corresponding plants in the Dugald River Area . 
These combined factors make reconnaissance prospecting for 
base-metals by indicator plants a much more difficult task 
than in the latter area . 
However, as in the Dugald River Area, the distribution 
of plant assemblages over known ore-deposits, as at Areas 
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A and B, might form a useful guide in the initial deter-
mination of the surface extent of the mineralised rocks. 
(b) . Biogeochemical prospecting 
(i). Plant sampling for biogeochemical analysis in the 
Bulman Area was on a more limited scale than". at the Dugald 
River, and hence fewer definite conclusions can be drawn. 
It is manifest, however, that large amounts of lead and 
zinc in the rooting medium in the vicinity of the ore-
deposits are reflected by anomalous concentrations of the 
ore-metals in the herbaceous vegetation over these zones. 
(ii). Although insufficient samples from un-mineralised 
localities have been analysed to give an accurate estimat-
ion of the background levels of copper, lead and zinc in 
plants, it would seem that these values are higher than 
in the Dugald River Area. This illustrates the desirab-
ility of collecting separate background samples f~r each 
region where biogeochemical investigations are to be oar-
ried out~ 
(iii). Comparison of the concentrations of ore- metal in 
the flowers , leaves and stems of · the plants sampled indic-
ates that widespread variations occur . These take place 
both between and within different speCies , and according 
to the concentration, .and identity; of the ore-metal in 
the underlying soil . Moreover, comparison of metal uptake 
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between Bulbostylis barbat~ samples from the Bulman and 
Dugald River Areas shows that variations may take place 
within one species from different regions. Where possible 
therefore, biogeochemical sampling within one area should 
be confined to one part of one species. 
(i v) . Although several of the plants collected in thE 
Weimool Springs Grid Area showed a relatively high degree 
of enrichment in lead and zinc, it is not known whether 
this is related to mineralisation at depth. It is possible 
that it reflects the generally higher tenor of lead and 
zinc in the background vegetation of the Bulman region, 
compared with that in the Dugald River Area, (ii)o 
(V)e Although biogeochemical analysis in the Bulman 
Area has shown that anomalous concentrations of lead and 
zinc in the soil are reflected in plants, it should be 
noted that these samples were collected from an area of 
outcropping mineralisation. 
The deep chert horizon which masks much of the bedrock 
in the region poses a difficult problem in mineral ex-
ploration. This will probably tend to inhibit the second-
ary dispersion of metal from an ore-deposit into the over-
lying surface soil layers. If this be the case, then 
prospecting by geochemical methods in these regions would 
seem to offer little chance of succ·ess . On the other hand, 
if it can be shown that the high metal contents in some of 
the samples from the Weimool Springs Grid reflect the 
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presence of mineralisation at depth, then plant analyses 
would appear to offer a valuable aid to base-metal pros-
pecting . Until these anomalous values have been invest--
igated, however, it is difficult to draw any firm conclus-
ions on the value of the biogeochemical method in the 
region. 
(vi). In view of the presence of the chert horizo~ over 
large parts of the Bulman region , it is possible that 
analysis of the deeper-·rooted tree species might form a 
better guide to underlying mineralisation than the herba-
ceous or shrub vegetation. Whether tree roots penetrate 
the chert deposit is not knovm, but it seems probablo that 
they reach greater depths than the roots of the lesser 
plants. Hence the presence of an ore-deposit in the bed-· 
rock might be reflected by anomalous ore-metal contents 
in the trees, while the herbaceous and shrub plants show 
no variation. 
SECTION L: GENERAL CONCLUSIONS _~'JD_._REQ.~~!~~P.A1IOHS _~'O~ 
FUTURE RESEARCH 
(i) . The vegetation of both tho ]}~l.-;a.ll:. ~7{lY :;~ and Bulman 
Areas is adapted to a long d~.:'y S O.3.E·C::'1. , r"r'lt p:::'olongei i.:i.l 
the former area, At the Dugald River th'J average 8l1~'1.ual 
rainfall is about 17 ins., while i~ t'1.') :?'-llJ:ll'.-1. :::,egio:l~ 0.U,; 
to the increased influence of the ncrt~-~0st monscon. the 
annual rainfall is probably of the crd(,:J~ of 35 ins" 
This variation has an influence on the stature of the 
dominants of the tree and herbaceous s~rata in the ~aG-
pective areas . At the Dugald Rive:::' t~e most widecpread 
sub-formation is a Low Tree and Shru~) Sa~ran:1.Cl.? co:::p~i.;;in8 
a fairly open cover of low trees and shrubs and a rel<::(;·-
ively sparse ground vegetation in whic~ the dominant gras-
ses rarely exceed a height of two feeto In the Bulman 
Area this sub- formation is replaced by a Savanna Woodland 
of tall , slender , trees, with a dense groQ'1.d stratum 
dominated by tall perennial grasses o Savanna Grassland 
occupies poorly- drained clay soils in both regions I but 
again the dominant grasses are cons~derably taller in the 
Bulman Area . 
(ii) • Adaptation to the seasonal distribution of the 
rainfall primarily takes the form of mechanisms to reduce 
transpiration during the dry season. Sclerophyllous 
leaves are common among the trees and shrubs, while, part-
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icularly in the Bulman region , dry- season deciduous specie 
are also frequent . The majority of the perennial grasses 
die back during the rainless period , growth being resumed 
from vegetative buds at the onset of the following wet sea 
son . However, the coarse , xeromorphic , grass , Triodia 
pungens, widespread in the Dugald River Area , remains 
relatively green throughout the year, 
(iii) . The rigorous nature of the climate has a marked 
affect, not only on the physiognomy of the vegetation , but , 
through these factors which govern the availability of 
water , on plant distribution . Drainage and soil depth 
and texture , therefore, appear to have the most direct 
bearing on the distribution of the major vegetation units 
within the Dugald River and Bulman Areas . These factors 
are in turn affected by the relief , the geomorphological 
processes which have shaped, or are shaping the landscape , 
and on the nature and extent of the soil parent material . 
(iv) . The soil reaction is also important , however . In 
both regions there is a marked variation in floristic 
composition , and in certain cases in structure , between 
the vegetation occupying acid soils and that on basic 
material . 
(v) . Although variations occurred in the major and trace 
element content of soils occupied by different vegetation 
units in the Dugald River Area , these variations were not 
pronounced . Moreover , the level of the elements analysed 
- 385 -
within a zone occupied by a single vegetation unit also 
showed wide fluctuations. It seems probable , therefore, 
that these factors enumerated under (iii) and (iv) above 
have a more direct bearing on the distribution of the 
associations and comreunities within the study-areas . 
(2) . The distribution of th~ __ s2ecies associated with 
minerali~ ?:tio~ 
(i) . Outcropping leaQ- zinc and copper deposits in the 
Dugald River Area , and deposits of lead- zinc ore at Bulman , 
support distinctive assemblag~comprising several herb , 
grass , sedge and shrub species. On the other hand, the 
more widespread plants generally avoid these zones . No 
symptoms of metal toxicity were observed in the assemblage 
speCies , and they are therefore apparently well- adapted 
to survival on the metal- rioh soil s overlying the mineral-
ised zones .. 
(ii) • There is no essential difference in the specific 
composition of the assemblages oc curring on lead- zinc 
deposits and those on copper mineralisation in the Dugald 
River Area . However , the assemblage species are rarely 
found in the vicinity of copper s~owings in calcareous 
host rocks . As evidenced by their distribution where both 
acid and basic soils occur, this is probably related to 
the fact that the plants are intolerant of the latter type 
of enVironment , 
(iii) . Factors of relief , drainage, soil depth and text-
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ure , and the pH status of the soil appear to have little 
influence on plant distribution in the immediate vicinity 
of the mineralised zones. Certain elements besides the 
ore-metals , notably phosphorus , show an enrichment in the 
soils overlying the ore-deposits at the Dugald River . It 
is probable , however , that excessive concentrations of 
copper, lead and zinc , ar-d possibly also of silver, in the 
rooting medium, is the prime factor governing the extent 
of the assemblages 6eveloped over the ore- deposits . 
While no metal has emerged as havine a dominant 
influence on plant distribution over the ore- deposits, it 
is possible that zinc is of least importance . Thus the 
more widespread plants can apparently withstand higher 
concentrations of zinc in the rooting medium than the 
other ore- metals . Moreover, analys i s indicates that zinc 
shows the most decided enrichment within plant material 
compared with the level in the underlying soil . 
(v) . The majority of the spec ies associated with miner-
alisation in both study .. ar eas may al so be found in areas 
apparently devoid of mineralisat i on . At several of the 
latter occurrences in the Dugald R~ver Area , the plants 
marked the sites of zones of minor copper and/or zinc 
enrichment in the underlying soils~ The evidence is less 
conclusive at Bulman . This enrichment may be related to 
mineralisation ~t depth, but further investigation \)f these 
areas is required . 
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(vi) . The concentration of copper , lead and zinc in the 
aerial parts of the assemblage species over deposits of 
these metals in the Dugald River Area was generally higher 
than in samples of more widespread plants from the same 
localities . This apparent ability to absorb large amounts 
of the ore-metals without injury may serve as an adaptive 
mechanism runong the species associated with mineralisation, 
(vii) . Analyses of the aerial parts of several of the 
assemblage species from the Dugald River indicates that 
the rate of copper and lead uptake by the plants was not 
constant. Up to a certain level in the soil: the concent-
ration of lead and copper in the plants increased slowly; 
above this point, the plant metal content showed a marked 
rise over a comparatively small increase in the soil metal 
content. In contrast, however , the zinc content in the 
plunts increased linearly with the concentration of this 
metal in the underlying soil o 
(viii). These variations in the rate of metal uptake by 
certain of the plants associated with mineralisation may 
be related to intraspecific variation . It is suggested 
that the populations occurring on ~he mineralised zones 
represent ecotypes, specifically adapted to these condit-
ions, of the assemblage species . This adaptation probably 
takes the form of physiological ability to withstand large. 
quantities of the ore-metals in the plant tissues. This 
may explain the distribution pattern of these plants . If 
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0:11y one population were involved, it might be expec-ceC: ~ 
(i~ ~iew of the marked influeJce high soil metal conter.t: 
c.ppC'~:::,en.Jcly have on plant c.istribut)_on), that ple.nt3 ':IO"l.'."'..d 
be ~eGtricted, either to mineraliscd areas , or to ba~rc~ 
regions , but would not occur in both. 
:Lt is :-:eco:"'r.J.ei:~dod thr.t the assemblag8 plants be Gl' own 
·).' ..... 0 ~::: cc:~ c!'ol:.ed cr ::':.::' '';. -'...;.ons to c:.cte~.':nj ne rrh0thcr SUC~l ecc. -
of pODulationo from the vicinity of the ore-depo~its, e~: 
j.n& high cxmcentrations 0:: copper [J.nd/or lead. If ~.t c":'1 
be shorn that: under these condi tiC:1S, there is a !"l3.:'.:":-~""::' 
d.ifference in the growth of' the two populatio:'1s ~ t~1cn t·l:.i.:: 
would form fairly good evidence of intraspecific v~riation 
VIi thin the plants. A close study of specimens fro!n the 
two types of occurrence might alGo reveal morphological 
differences . This was difficult in the present investig-
ation due to th~ generally poor condition of the vegetat-
ion at the time the field work was carried out~ 
I' ) 
,1X ~ The fact that rising conccntrations of zinc in the 
plants shows a roughly linear relationship with the level 
of this 8lement in the underlying soil, may indicate that 
zinc is less toxic than copper or lead, (iv) . If this be 
the casc , then the more widespread plants may be equally 
well adapted to growth on zi nc-rich soils as the aSGeBblagc 
plantsp 
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However, in vie\v of the nature of the ore-deposits, 
_ v is difficult, under field conditions, to find soils 
r~ch i~ zinc but with minor amounts of lead, and vice 
ver s a. It would be of interest , therefore, to grow col-
lec t ions cIf the assemblage and widespread plants on t wo 
( irfe~ent soils, one containing excess lead and the second 
\i;. th excess zinc. If both c ollections thrive on the zinc-
'~i cll s O:Lls, but only the assemblage plants on the soil 
with exc ess lead, then the latter metal would seem to have 
'c ~'1C more decided influence on plant distribution over the 
lead-zinc depositse 
(x). The sequence of events leading up to the estab-
lishment of the plant assemblages over the mineralis e d~ 
zones was possibly as follows. As the ore- deposits were 
exposed by erosional forces the overlying soils were en-
riched in the corresponding ore-metals. At first, due to 
the toxic metal contents , these zones may have been devoid 
of vegetation 4 Gradually , however , (possibly due to in-
creased competition from other plants) , the species com-
prising the present-day assemblages evolved ecotypes cap-
able of surviving under these conditions. 
The populations 0f the assemblage species now found 
in apparently un- mineralised areas may represent the orig-
inal population from which the ecotypes were evolved~ 
Alternatively, they may represent strains , initially 
adapted to growth on the metal- rich soils and restricted 
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to these areas, which have now migrated into Oarrf.Cl arc~"'. 
At present there is insufficient evidence to indic~~~ 
Ihich of these hypotheses, if any, is the more li~cly 
explana'cion of the d i ... tr1bution pattern o"!" '~l:0. pJ,[,':·l~Cr. 
associatrd with min3ralisat~on. 
("1' ) \. .~ . 
barb~,"t..2:, '::hile prcsen t in both :::-egio:i.1s, o~1Jy shc,"',: Cl: 
association with mineralisation at the Du33.1d R:'.Y c :::, S,m-
ilarly, Polyc~~p~~a ~~iro~~Ll~~ has been repcrted ~c ~·o 
inC a close link with copper deposits in eastc":'~l ""HeOns· 
land, but was not found in the vicinity of "the Oi."G-C:cpos i. 1: 0;; 
at Bulman though occurring in the region . 
If the postulate of intraspecific variation is cGr~ect, 
then it is apparent that certain genera: or species, have 
an inherent te.ndency to evolve ecotypes adapted to 8UI' - -
vival on the metal-rich soila over ore-deposits. The 
distribution of B. barbata and P.. sp:' ""ostyli~, howevc.l.: 
suggests that such ecotypes have n fairly limited geo-
graphical range . These variations in the habitats favou:.:'ed 
by the pl'nts associated with mineralisation in different 
regions, would appear to make an intcrestil1S ot.:bject for 
further research" 
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(3) . Plant prospecting method~ 
(a) . Indicator plant prospecting 
(i) . The distribution of the species associated with 
mineralisation in the Dugald River and Bulm&~ Areas sug-
gests that they could be utilised , under certain condit-
ions , as indicator plents in prospecting for base metalA. 
Certain of the species associated with minerelisation in 
the Dugald River Area were also found in the vicinity of 
other ore- deposits in the Mt. Isa-Cloncurry mineral field. 
Likewise , several of their counterparts at Bulman have 
also been reported over mineralised zones in other parts 
of the Northern Territory. 
(ii) . The indicator plants of the Dugald River Area are 
apparently intolerant of basic soils . On the available 
evidence , therefore , it is unlikely that they will occur 
to any significant extent over mineralisation when set in 
calcareous host rocks. 
(iii) . Both lead- zinc and copper deposits are found in 
the Dugald River Area , but none of the indicator plants 
show a definite link with one and not the other type of 
mineralisation . Localities where 'the indicator plants 
occur , therefore , must be investigated to show which , if 
any , ore-metal is enriched in the substrate. Geochemical 
methods would be particularly useful in this respect, 
espeCially when the plants occur ~n regions of covered 
ground 8 
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(iv) . The indicator plants in both the study-areas have 
only been found individually in regions apparently barren 
of mineralisation, and never as distinct assemblages as 
over the ore- deposits . On the present evidenoe, therefore, 
the discovery of several of the indicator plants growing 
together is a sure sign of mineralisation in the underlying 
rocks . 
(v) . Some of the separate occurrences of the indicator 
plants outwith zones of known mineralisation may be related 
to minor zones of copper and/or zinc enrichment in the 
underlying soils . This was particularly true of the Dug-
aId River Area . The distribution of the individual species 
in areas which are not known to be mineralised may thus 
serve to pinpoint the sites of soil metal anomalies , and , I 
thereby narrow the range of operations in geochemical 
prospecting . 
(vi) . In addition to their use in reconnaissance pros-
pecting , the distribution of the indicator plants over 
known base-metal deposits may also serve as a guide in the 
initial determination of the surface extent of the ore- body . 
(vii) . The method of indicator plant prospecting would 
appear to have more application in the Dugald River Area 
than at Bulman . In the former area the indicator plants 
have a very distinctive appearance , while at Bulman they 
are , in general , relatively inconspicuous . Moreover , the 
normal ground vegetation in the Bulman region is consider-
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ably denser and taller than at the Dugald River . This 
again serves to render the plants much more easily vis-
ible from a distance in the latter region, and hence of 
more value in prospecting . 
(viii) . One of the species associated with mineralisation 
in the Dugald River Area did not show this characteristic 
when found at Bulman ~ Likewise , a species which has been 
used as an indicator plant for copper in eastern Queens-
land shows no obvious link with mineralisation in the 
Bulman Area . 
While some of the indicator plants have a wide geog-
raphical range, therefore , the above evidence suggests 
that they need not show the same affinity with mineral-
isation throughout their area of occurrence . Thus , when 
field operations move from one region to another , an 
initial survey should be made of all known ore- deposits 
to indicate whether the indicator plants used in the prev-
ious area show the same association with mineralisation 
in the new region~ 
(b) . Biogeochemical prospecting 
(i) . The herbaceous and shrub plants growing over the 
mineralised zones in the Dugald River and Bulman Areas 
contain considerably greater quantities of the ore-metals 
than similar plants growing in barren regions . This sug-
gests that the systematic collection and analysis of plant 
samples could be used in prospecting for these metals . 
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(ii) • The available evidence indicates, however, that 
significant variations in the metal content of plants arc 
unlikely to take place unless the soils overlying a bur~ed 
ore-deposit are considerably enriched in the ore-metals. 
This is particularly true of lead and copper, since 
these metals show little increase in the plants up to R 
comparatively high concentration in the substrate. On -~':c 
other hand, the level of zinc in the plants shows a :,:,ol.::::;~·­
ly linear relationship with the zinc content in the Ul~de~­
lying soil. 
(iii) . In agreement with their order of mobility in the 
soils of the Dugald River Are~ , the general order of e~­
richment in plant material decreases in the order ~inc; 
copper, lead . The majority of the samples analysed from 
the zones of lead-zinc mineralisation in this area con-
tained anomalous concentration of zinc . Likewise, anomal-
ous concentrations of copper were generally found in plants 
growing over rocks rich in this metal . However , compar-
atively few plants from the former type of mineralisation 
were significantly enriched in lead. 
This suggests that biogeochemical prospecting methods 
would have more application in the search for copper and 
zinc than for lead, though it should be remarked that zinc 
and lead generally occur together in the mineralised zones. 
(iv) • It appears that little advantage will be gained by 
using the ratio of copper to zinc in plants in prospecting 
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for these metals , rather than their absolute values . As 
mentioned above, (iii) , the majority of the samples from 
zones of copper and zinc mineralisation showed significant 
enrichment in the respective ore- metals . 
(V)n Variations in the distribution of ore- metal with-
~ . n the aerial parts of the plants sampled were common . 
Thnse occurred both between and within the species anal-
ysed, according to the metal in question, and at different 
concentrations in the underlying soil. An initial invest-
igation must therefore be made in any region , in order to 
ascertain which plant organ shows the most consistent 
relationship with the tenor of the ore- metals in the subs-
tre.te . 
(vi) ~ Although relatively few samples were collected in 
the Bulman Area , there was a strong suggestion that the 
normal or "background " concentrations of copper and zinc , 
and possibly also of lead, were higher in the herbaceous 
and shrub vegetation of this region than in that of the 
Dugald River . This illustrates the desirability of separ-
ate determinations of the background levels within each 
area of operation. 
(vii). In view of the variations in the distribution of 
metal within the aerial parts of plants , (v) , biogeochem-
ical sampling in anyone area should , where possible , be 
confined to one aerial part of a single species . In reg-
ions of relatively shall~w overburden, such as the greater 
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part of the I~t. Isa-Cloncurry mineral field , the wide-
spread gr~ss, Triodia pungens , would seem to offer an 
effecQve sampling medium . When the depth of overburden 
is Greater, as in the Bulman region , analysis of the 
deeper-rooted tree species might give a better guide to 
the tenor of the ore-metals in the bedrock than the herb-
~coous and shrub species . 
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APPENTIIX A 
Jechniques of soil analysis for major and trace elements 
One or more samples w.'3ighing between 1 - 2 lbs . , were 
coJJ_ected from each hori~on exposed in the soil profile 
pi~; or auger hole, and stored in numbered Kraft paper 
~ag~o These allow moisture to escape through the paper, 
but do not disintegrate" 
The soil sampl'3 was poured on to glazed paper, mixed 
well, and quartered with a spatula. One qu~rter was pas-
sed th~ough a . 2 mm . mesh sieve, and the pH measured on 
the It fine earth It • 
A second quarter was crushed in a tungsten steel, 
(Pithocast), pestle and mortar to pass 60 mesh nylon bolt-
ing cloth in a perspex sieve. 
The material was again quartered , and milled in a 
motorised agate pestle and mortar to pass 120 mesh nylon 
bolting cloth in a perspex sieve . 
Care was taken throughout to avoid contamination . 
This materiRl was used for major element and spectro-
graphic analysis . 
Analytical methods 
(i) . Hydrogen ion concentration : The pH was determined 
at the sticky point of the soil (minus 2 mm . fraction), 
on a glass electrode pH meter, (Jackson , 1958 , p . 41) . 
(ii). Organic carbon : Walkley - Black method, with 
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modification by Tinsley, (1950) . 
(iii) . Total soil nit~Dgen : Modified Kjeldahl technique, 
in use at the School of Agriculture , University of 
Nottingham, where all analyses were carried out . 
Description: About 2. 5 gm accurately-weighed air-dry 
soil was transferred to a 250 ml . Kjeldahl flask . 20 ml. 
concentrated sulphuric acid was added , followed by about 
1 g~ . copper sulphate, and heat applied . On cessation of 
fuming, 9 gm. potassium sulphate and 1 gm . selenium in 
tablet form were added . Heat was continued for at least 
one full hour after the digest had assumed a pale green 
or straw colour. 
After cooling, about 100 ml . distilled water was added , 
and the flask placed on the distillation apparatus . 10 
ml . boric acid - mixed indicator solution , (see below), 
was added to the receiving flask. Finally , 80 ml. 40% 
sodium hydroxide and~l gm. Devarda ' s alloy were added to 
the distilling flask ; this was then connected to the appar-
atus, and heat applied . 
Distillation was continued until 70 - 100 ml . had 
collected in the receiving flask , and no more ammonia, 
(as confirmed by litmus paper) , was distilling off . The 
boric acid solution was then titrated against N/100 sulp-
huric acid . Blank digests were carried out, using 0 . 2 
gm~ sucrose . 
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Bonic acid-mixed indicator solution : Dissolve 20 gm . 
boric acid in 980 ml . distilled water , and add 20 ml . of 
mixed indicator, made by dissolving 0 . 099 gm. bromocreosol 
green and 0 . 066 gm. methyl red in 100 ml . ethyl alcohol 
(95%) • 
(iv) . Hydrochloric acid extraction 
Modified version of Hall ' s method , (Piper, 1950, p. 
139) • 
Description : About 5 gm . accurately-weighed soil was placed 
in a 250 ml . Erlenmeyer flask , and 50 ml . concentrated 
hydrochloric acid added . The liquid was boiled for four 
hours in a fume cupboarq refluxing being obtained by cold 
finger condenser . 100 - 150 ml . of hot distilled water 
were added, and the contents filtered through a Whatman's 
No . 40 paper . Washing was continued with hot dilute 
hydrochloric acid , (50 ml . acid per litre) , till the 
filtrate amounted to approximately 400 ml . This was then 
re- filtered to remove any traces of the soil , and made up 
to 500 ml . in a volumetric flask . 
This solution was then used for the determination of 
phosphorus, potash and sodium .• 
(v) • Phosphorus :. ' Molybdo phosphoric ' 'Biue M"S'irhod, (modi·fi~..at· 
. - . ••• • '* - ' 
ion of that described by Beadle and Tchan , 1955) . 
Description : An aliquot , (between 2 and 10 ml . according 
to the amount of phosphorus expected) , was pipetted into 
a 50 ml . volumetric flask , and diluted with water . The 
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solution was made slightly alkaline with IN-sodium hydrox-
ide, using 2:4 dinitrophenol as indicator . Excess alkali 
was neutralised with O. IN-sulphuric acid . Water was added 
to make about 35 ml . 10 ml . of 0 . 25% ammonium molybdate 
and 0 . 5 ml . of freshly prepared stannous chluride solution 
were added , and the volume made up to 50 ml . The opti.:~al 
density was measured at 6750 A on a Unicam Spectrophoto-
meter, after a 30-minute interval . 
(vi) . Potash: EEl flame photometer, (Jackson, 1958, p.455) 
(vii) • Sodium: EEl flame photometer , (Jackson, 1958, p . 455) 
(viii) . Summary of spectrographic method 
The following information was kindly provided by Dr . 
D.Ve Crawford of the School of Agriculture , University of 
Nottingham. 
Sample preparation : The finely- ground soil sample (minus 
120 mesh) , was mixed with an equal weight of carbon powder, 
(ca . 7 mg . ), in which was incorporated a palladium salt 
(Pd C1 2 ) to give 0 . 10% Pd-metal in the carbon. This mixt-
ure was then shaken for two minutes in a vibratory mixer . 
Spectrographic conditions 
Spectrograph . . . . Hilger L~rge Quartz (E 742/3) 
Microphotometer .. Hilger 
Wavelength Range . 2800 - 5000 A 
• • • • • • • • Emulsion 
Anode • • • • • • • • • • • 
Cathode . . . . . . . . . 
Ilford (N. 50 ) 
Morganite 
Morganite 
carbon, flat-ended 
carbon, 0 . 8 mm . 
diam . centre • 8 mm. crater 
- 410 .. 
.. , 2} minutes 
C :;:: , ,. . ... ", .. o· 10 mm . 
9 amps 
Sl~t 00,01 mm. 
7 r:teps gj.vj ng intensi ties i.n 
00 ·...,cn 1i 10- 'J.." ·d 
- .~ __ ...... .. .. -: :..J... ~ .. 
I~ - , .. " 
_. v .. ......... ., 40 _, .. n 
, "" ....... " I" 
• ,- -, " (' "" '" ., ,. :'I 
ratio 
1/64 
3096 
3021 
4031·~4 
3454 
3247 
2833 
Moly'bd onwn . . ' • • • . 3170 
1 ,~, 1/1 ',1/8,1/16,1/3 2 ~ 
':rho J·Ll'.(; ir. tensi ties of the unknown elements and the 
inter'.1al :2·l.~~:>1dard, (palladium), were measured on a Hilger 
~dcrophoto"".c ter in conjunction with a Hilger Galvoscale 
i\1irror gal van0metel'" Three readings were taken on approp-
riate :Une steps to bracket a galvanometer scale reading 
of 20. 
The ga}~val1ometer readings were plotted against step 
number ~ usi.ng a plottjng board with a set-square calibrated 
to giYG galvanometer deflections in terms of Siedel Densi-
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tie8. The log intensity ratio of the l.ln!mO\;.L_: in·t ~ .. !la:t 
sta..'I'}d~ . .!.~d Vias then :r.E 2.f.3u-:'E:d f:!:'om i.l'.0 G:ra~h" Th: co _CP f -· 
ration of the ut'...:'mm'tIl was obta~.nej by co:npa!.:·i.ng -... L.e l og 
intensj.ty ratio Vii th c.::11ibration Cl~rves propa:---ed. Ullc.er 
identical conditions . 
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APPENDIX B 
Techniques of plant analysis for copper, lead and zinc 
A. Collection, preparation and ashing 
(1). Collection and storage 
The plant samples were collected by hand except in 
the case of the harder species , e . g . Triodia pungens, where 
heavy gardening shears were required . Large samples were 
stored in clean polythene bags , and small ones in Kraft 
paper bags . The latter allowed drying to proceed normally, 
but with the polythene bags mould set in unless they were 
left unfastened for a few days . Temperatures were relat-
ively high during the collection period, and air-drying 
removed most of the initial moisture . 
(2) . Contamination 
Contamination by surface dust may give a positive bias 
to the results in samples from mineralised outcrops . Four 
plant samples were therefore cleaned by washing with a 
fine stream of de-ionised water , and a fifth with a fine 
brush . 
The results from these samples are compared with those 
from duplicate , untreated, material in Table 33 . It is 
appa ent that considerable amounts of lead and zinc have 
been lost from the washed material of Sample 41/52 , and 
smaller quantities from several of the other samples . The 
material cleaned by brushing , however , gave the same values 
as the untreated sample . 
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Table : 33: Comparison of Results of Duplicate Analyses of washed or brushed Material with untreated Material. 
Plant Samples from Mineralised Outcrops. Un-milled, dry-ashed material. 
j" . ...... ,-... r"''''''''''''- ....... -.-....... -...... ~ ..... -....... -.................. : ........... -................. ; ...................... _ .. -1' ......... _." ; ..... _ ...... --.... _ .... _ •• __ . ..... -- .... T· ............. r·· .. · ........ ...... ... ....... -· .... · .. · ..T .. · ......................................... ; ........... " ........ "'T ...................... . 
I ! ~ I Part I ' of Ash I 1 ppm of oven- rpm of S)il : i i: l ;Treat- ! of I % L_ p.p~ .. __ .... _._. icu/Zn ; .. ··~:r.:y.··}~)?~·~·!;~·~ ...... ·i..4-:~ .. ·,.~·~ .. -·- .... · .......... bu/zn !Rock 
! No. [Species :Locality ;ment : Plant ! Ash I Cu I Pb : Zn iRatio ! Cu ! Pb ! Zn I Cu [Pb !Zn ~atio iType 
: ...... _ .. 1" ....................... - i ...... -......... -l" ...................... j.- ....... - ... ;" ~ ·· .. r .. -! ...... ~ ···_ .. ·· .. ·· .... ·· ........ ·-t .... ·· .... \ .. · .. ·_ ........ :· .... ·· .. · .... \_··· .... t ...... · "j" .... · .......... i·· .. ·· .............. ·l· .. ·· ...... ·· .. · .. · .... · ...... . 
! ; I: ; ill : i l i i I i 1 
41/ jPolycarpaea ;00 pt.- iWashed ; 12.08 1120 16400 ! 72000 10.002 i 2.49 ;133 i 1497! 200 13200 j31000; 0.006 Mineralised i 
. . ! ! st : i ! . : j It! : ! ! . . : 49 I synandra :Bulman !" .. ·: ...... · .... · .. · .. · .. 1 ems ; .......... ·-r'' .... ---- --'-';'''''' ..... .., .. , - · ...... t .. · ...... , .... ·· .. ·, .. · ............ 1 1 iBuperfl.cl.al ! 
! ! var. gracilis ~ Area A I ~~eated I i 2.95 1100 8000 ! 68000 ! 0, 002 ~ 2.95 ; 236 ! 2006i : lcrust ; 
I • • .!: I . i • i I ( ................ , ......... -.................. -..... _........... . .... "·l~~~~~~ "·t"·· _ .......... ·l 6~ ·6·~ .. 35 ; 35; I 23-~~0 ; O-:~~15: ~~ 3'; ! 23~' ~ ' t ~5'251"" .. ! ... · .. · ........ 1" ...... · .... · .. · .. 1 .... ·-·· .... · .. · .. · .. ··1 .... ··· .. · .......... · .... · .. _ ..:· ... . 
j i ...... -.............. j Flower si ............ _ .... ! .-----." .. -. ~ -.-... ---- ~.-.. .-~. _ .... J .. __ .. _ .... L ............... ! ! ! 
j IUn- i : l ' 1 : ! : i ! I 
i ' treated j 1 6•83 l 30 ! 480 ! 32500 !0.0009; 2.05 132.8 1 2220! ! I 
. 41/ ! Gomphrena i 125W on ... '\v~~h~d"" .. , ................. ··~o~j7T -2'5- ~ "960' ;i2606o .. r o·~·0002i .. 2 :5S·t .. 9·9 .... t 244'4\ . ; \. . ~inerali'sed : 
l 52 ! canescens j Transect- ........... - ........... + Leaves ! ·· ........ ·· .... t-.. ---~-""-, ".'r- . __ .. _- '-,' ... -'f -.- . __ .•. + ................ + ... " ..... ! 80 13400 ~ 8500q O.OOO~Buperficial 
, I I Un- ! !: i i : . t ; : ' I , icrust 
! i ; Bulman treated ! n.0. 00 ~ 25 j 700 :135000 ! O. 0002i 2,50 I 70 o.3500 ~ [ 1 ! I !. I 'l Area A ;.:laShed ... 1
1
, .... ·····-.. · .. ·1· 2~·8·3i .. 4o : .. ·500 .. ~ .. ··320oo t o ·~o6i ~·"i:i3 ! i4~'1"! "905~ I 1 ! i .. \ 
!! ill , j : i i: I i j. ! , ......................... "'''1 Stems I" _ .... - ... -i .. --.-.. ~ -.... _ .. - ,..--- .--.. --~ .. -.-- -- '- .!.-_ ........ , r ....... -_ .... ; ................. \ ; 1 i i 
I I ! iUn- : . ! i I i! I . ! i ! i 
! I j itreated I ; 2.74! 60 :1200 ! 55000 !0.001 ~ 1.64 ;32.9 ~ 1507: i ill 
1---'--' -· ... ·r-···' .---... -.""---....... ... - .... ~ ....... '-' -- .. ,- .... _ ......; .......... ,"' ................ ! ............ · ... · .... · .. ·_··t ..... u._ ·_-t ._ ... -_ ..... -_ ... _._. -r'" _._-_ ... _, ..... -... -- .... "'--i -- .. -.~ .. -" · .. ·f , ..... u ..... 'I ...... "' .... ··f· .. · ..... ···_··· .. i········ .. ····· .. ·· ·~-····· ... ····· .. •···· .. ·····1·.. ........... .. ..... . . ......... .. 
I 40/ ipolycarpaea ;1150S/ iBrushed I i 2.31 i 525 ;' 10 ! 1600 1°.33 ~2.13 i <' 1 I 36.9i I : I .! ~38 I glabra ; 365W :'U~:-''''''--'''I Young \"' ......... _ .."1'- ..... ~-··· .. ---l· .. --·-.. -·· .. r·-· .. -........ i-·· .. ·-· .. ·_ .. t .. · .... · ...... ···r .. ·· .. ·· P700 1 35 480 ~ 11.87 icopper vein 
I , Dugald R· ltreated I stems 1 2,51! 500 ; 15 j 1600;0.31 ;12.55 \ 0.4 l 40. 21! ! \ 
, ! Lode . I I i I . 1 I I ! 1 r'! • . I ! . ! ! i i i ! i ' ; I ! : i 1 
, ... " ........ _ ... __ .......... ___ • __ .. __ • __ .... ~._.... ........ .. n .... _ ............................... _ ............. :_ ..... _ ...................... 1 ..................... : ....... __ ....... _ ... __ ........ .:...._ ........ ...--__ 1 __ .... _._._; ..... ___ .--.. -o ••••• ~ ... __ ~ .... _.~ .. _ ................ _ ........... ~ ...... _ •••••• _.~._._ .............. ~, ... _ ................. : .... . ....... ~ ............... u.J ................... , ..... , .. . 
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The water used in the washing of Sample 41/52 contained 
appreciable amounts of lead and zinc . This suggests that 
the metal removed from the plant was in a rea4ily-soluble 
form, whereas if in the form of metal-rich dust it would 
have been relatively insoluble in water . In view of the 
close agreement between the brushed and untreated sample, 
therefore, it is probable that the bulk of the metal removed 
by washing was in a water-soluble form in the plant tissues 
and not as surface dust . 
The writer would conclude that , provided sufficient 
care is taken to collect material above, say , two inches 
from ground level, contamination from metal-rich dust will no · 
be a serious problem. On the other hand , negative error 
could occur by washing , due to the removal of water-
soluble metal from within the plant tissues . 
( 3) . Milling 
In order to investigate whether milling the sample 
prior to the analyses would affect the results , 32 dupli-
cate samples were milled in a ehristy and Norris 5 inch 
Junior Lab Mill •. 
The metal contents in the milled samples have been 
plotted against the results from the untreated material in 
Fig . 49 . It is evident that the great majority of the 
points fall within the limits of the 25% analytical error 
inherent in the analytical method , ( see below). Unless 
more accurate analytical techniques are available , there-
10 Comparison of rtSults obtained on analyst'S iJt'-.-... of duplicate sampltS of milled and un-mi/lfd 01) plant material ~ ~ ~'/ I- / A :t / / ~ 
., / ,. / ~ //;/ >-
.,. / 
" ~ IOO / / 
~ / . / III / / > 
0 / 7 :.. 
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A / 
~ / / < 
/ / -' ~ ~/ 0 III -' -' ~ 10 /.i , 
z 
" / :> .~,. ,-~ KEY 
·Y.J/ i 
Q: if-" • "'PPER G: / / • LEAD z .. / / / 
• ZINC i / / . 
., r % i 1 :;.~. ---- L,mtts 0 25 c 
analytical error 3 
~ / "/ 
~ / / 
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/ / 
/ / 
/ 
/ 
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PIG. 49. 
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fore, it would seem that milling the plant samples will 
not materially affect the results . 
(4) . Oven-drying 
The samples were dried for one hour at 1050 C immed-
iately prior to ashing . Owing to the hygroscopic nature 
of the material, the samples must be rapidly weighed after E 
drying . 
(5) . Choice of crucible 
Loss of metal by retention on silica crucibles has 
been reported by Gorsuch , (1959 ). To test this possibil-
ity, four samples were ashed in silica crucibles, and the 
results compared with duplicate samples ashed in platinum 
basins , (Table 34) . No appreciable differences between the 
duplicates are evident . It is therefore concluded that 
loss of metal ',y retention on the material of the crucible 
is unlikely to be a serious problem at the temperature 
used in the present study , (430°C , see below) . 
(6) . Dry-ashing method 
Ashing of large samples was carried out in Translucent 
Vitreosil crucibles, (150 ml . ) , and smaller samples in 25 
rol . crucibles of the same material . Lids were not used , 
as a better ash results if air is allowed to pass freely 
over the material . 
The weight of material ashed was in part dependent on 
the part of the plant to be analysed . Generally a quantity 
between 4 and 12 gm . gave sufficient ash for the 0 .1 gm. 
r 
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Table 34: Tephr£§~E.!-!l£Y., (Dugald River MMC/DMJP No. 5). Comparison of Results of Analyses of Duplicate 
Samples Ashed with Silica or Platinum Crucibles. Milled, dry-ashed material. 
1· .. ··--.. __ ···· .. -·---·· ......... - .-.-.. ................ ' ....... .... - ....... '. ,. .............. "." ......................... , ........ ' ........... ..... . ...... _. -. "'" ,.,..- .................. _", -. '.-............ ; ... -..... _ ............. ~ ........ - .....• ', .... - --"'1" .' . .. ......... -........ ; ............................ ... , ...................... . 
! 1 \ Part !: i i ppm of oven-dry , ppm of soil j : 
11 j Type of . of ~ % Lp~.m.?~ .... ~.~? .... _ -. ..1 CU/Zn ; _._~at_?~:!:'!--.~_ .. _ .-......... -.... ~ .... . ~ .~-:.§ .... ~.~ !! ............. i CU/Zn ! Rock 
. • - . " I , 
I No. !Locality : Crucible i Plant I Ash iCu ! Pb j Zn ·Ratio : Cu ; Pb ; Zn i Cu I Pb i Zn lRatio I Type l""-'" ···_·-t .. ········ .. -........... -r .......................... 1'..... . .. ..... . 1 .......... 1'... .. .. r ... .. !. . ... r ........ . .. ;.. .. ...... I.... ..-t ...... - ... ;- .. .; .. . ... j ........... • ... . ! ... ., ........................... .. 
i 40/ ! 350S/ I Silica 1 stems ! 2~ 98 illO !240 l 24000 10.004 i 3.27 : 7.15 1 715 t ; Lode/Footwall I 83 i 350 1 !' ;·1~t-~;.;-T·-· .. · ..,~·-··· .. 13 . ·20 i "85 '1 320-"1' 22000·~O.004 ·T-2. :"2 ~O-. ·2·4 r 70'4": ! , : ! junction 
j t . . . • t f • • ... 1_ ........ -.- ... 1 ..... ' .. ~ ...... l .................... ~ ... ~ ..... ' .... '._ , ...... < •• ,- 0, "." ....... .. 1··· .... · .. --l ...... _·· .... · .. · . "-'; .... ~ .......... ...... : ...... ! .... T" .... i ...... · i'-: .... ... --.. [ ". - .. 'r'" i i I i 
I 40/ ! 3520N/ I Silica ; " 13.00 1135 ! 15 ; 24000 ;0.005 . 4,05 : 0.45 1 720 . I I i 1 Alluvium 
j ~02 i 800\/ i .. "._ ................... ; .......... ;.; ............ , ........... + ............ j'" .... ~ .................. r ... --7"" .... , ...... 6"·· .. t··6· .... ·· ... \ 70 11200 i 2100 ! 0,033 ! on Lode ! .... -....... 1....... ..\ P~~t.~~ :.. .j ~ .• 08 ! l~~ .~. 2~. ~ ~~~~o :.~.?05 . 3.?~ : .. ~: 2 1 7~ .. \ 1.. .... t. . .... .1. ............... I ................... .. 
i 40/ ; 18700N/ Silica 11 15.36 ; 75 ;::10 ; 170 , 0.44 4.02 ' ~: l 1 9 .11 j ! ! ! I Sheet wash I 146 ! 2l00B 1' ...... ............. ; ................ 1· .... ··· .... ·· i' ...... i";· : . ,. --j .... - . ; ...... ... -. ! 120 < 5 I 18 16.66 ! cover I: ! Platinum ; " i 4. 84 i 75 1·', lO i 180 0.42 ! 3.63 ; < 1 1 8 •71 j I ! : I I . "'-'-" ·1-- ._.. - ... '-'-r-' ..................... · ...... ··1 ................. !.. . ....... ~. . :" . ..t ........ - ~....". i' .. ... t·_· '" . i "1" . _..... ··i .... · ........... ; .... ···· .. · .. .... r ....................... 'r . ................. .. ........................... . 
I i~ ~ ! ~~6~N / ;. :~~:~ ~ :: j :: ~~ ! i~ !~i6 :~ :. ~::~ ! ~ : :~ i ~t -+t~~-l 30 I <5 i 24 ! 1.25 I :~:; wash , 
i ·-~- .. ··--· .. ·:····-· .. · .................. : .................................. : ................. .1 ............. : ............. :. ..... .. ..... " __ ' _ ................ _ .-........................ _................... .................................... : ................... L. ...................... : .................................. , ........ , ....... ; 
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sample weight of ash used in the analyses, but smaller 
quantities were sometimes necessitated, e . g . flowers an~ 
fruits . The samples were weighed in a previously-weighed 
crucible, and ashed overnight , (or for a period of eight 
hours whichever was conveni~nt) , at 4300 C in an electric 
. , 
muffle furnace . Before placing the material in the furJ8ce 
the temperature was first allowed to fall to about 3900 C; 
otherwise there was a danger of the sample iGniting. 
During the ashing the door of the furnace was left slig:rc . . 
ly raised to allow a current of air to pass over the mate~-
ial . 
On completion, the crucibles were cooled in a des sic-
ator and then weighed . The 0 . 1 gm. sample required for 
the analyses was then rapidly weighed out , and transferroc 
to a test .tube to await analysis . 
(7). Wet-ashing method 
Although dry-ashing has been popular in biogeochemistry 
many workers in the biological field have used wet-digest-
ion with mixtures of strong acids for the destruction of 
organic matter . Twenty-four duplicate samples were there-
fore ashed by the method described below, and the results 
compared with those obtained from dry- ashing , (Fig. 50). 
The technique is based on Method 2A of Gorsuch, (1960). 
Five to seven gm . of accurately-weighed oven-dried milled 
material was placed in a 500 ml. Erlenmeyer flask , and 25 
ml . of concentrated nitric acid , (Analar), added . The 
mixture was placed on a ho~ plate in a fume cupboard and 
... 
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the temperature slowly raised to the boiling point . After 
one hour the flask was cooled , 10 ml . perchloric acid 
added , and the mixture again broug~ slowly to boiling . 
Heating was continued for up to two hours till the emiss-
ion of white fumes had ceased . During this latter stage 
the liquid in the flask was generally colourless ; if any 
organic matter was present , one to two ml . of nitric acid 
was added and the digestion continued . 
After cessation of the fuming no more liquid is being 
eveporated off due t~ refluxing on the neck of the flask . 
The flask was therefore cooled and the contents rinsed into 
a 100 ml . beaker with 10 ml . 0 . 5M- hydrochloric acid . This 
was then evaporated to dryness and the contents transfer-
red with 5 ml . lM- hydrochloric acid and 5 ml . de-ionised 
water , to a test tube to await analysis . 
(8) . Discussion on the ashing methods 
Both methods are in common use for the destruction of 
organic matter . Thus Gorsuch , (1959 ), found that of 
approximately 250 investigations reported in the literat-
ure, 51% used wet - digestion methods and the remainder dry-
ashing . The commonest single technique was direct dry-
ashing . 
Piper, (1950) , reports that the siliceous residue left 
after digestion of the ash with hydrochloric aCid , (as was 
done in the present study) , always retains small amounts 
of the constituents , particularly of the trace elements . 
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He therefore advises wet-digestion with a sulphuric, nitric. 
and perchloric acid mixture . However, Gorsuch, (ibid), 
states that the use of sulphuric acid may cause difficult-
ies by the formation of lead sulphate . For this reason it 
was omitted from the acid mixture used in the present in-
vestigation . Moreover, the acid , being manufactured by 
the Lead Chamber process, is likely to contain appreciable 
amounts of this metal . 
The graphed results of the duplicate samples ashed by 
the two methods, (Fig . 50), indicates no pronounced vari-
ation between the values obtained from dry and wet ashing$ 
The various advantages and disadvantages of the two met-
hods may therefore be summarised as follows . 
Dry-ashing 
Advantages 
Contamination from acids is not a problem. 
The method requires little attention . 
The quantity of ash remaining after ashing could be 
weighed and hence the results expressed both as metal 
content of the ash and of the oven-dry material . 
Disadvantages 
Metal may be retained on the silica of the crucible . 
Metal may be retained in the siliceous residue left 
after digestion in hydrochloric acid . 
Metal loss may occur if the temperature exceeds 450°C. 
Wet-ashing 
~dvantages 
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Loss by retention on the sides of the vessel is not 
a problem. 
As the temperature cannot exceed the boiling point of 
the acid mixture used , loss by volatisation cannot 
occur . 
etal loss by retention on the complex silicates left 
after digestion with hydrochloric acid is not a problem 
Disadvantages 
Contamination from acids may occur . 
Results can only be expressed as metal content of the 
Due to frothing in the early stages of the digestion, 
large amounts of material cannot be safely dealt with. 
The method requires almost constant attention . 
Explosions may occur due to decomposition of perchloric 
acid. 
B. Determination of copper , lead and zinc in plant ash 
The following analytical procedures are based on those 
currently in use at the Geochemical Prospecting Research 
Centre, Royal School of Mines , London , for analysis of 
soil, sediment and rock samples . 
(1) . Sample attack 
(i), Fuse 0 . 5 gm . of potassium bisulphate with 0 . 1 
gm. of ash in a Pyrex test tube , (16 x 150 mm .) 
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(ii) . Leach with 5 ml . of IM- hydrochloric acid . 
(iii) . Add 5 ml . of de- ionised water and mix . 
The leachate resulting from the above procedures prov-
ides aliquots for the various colorimetric determinations 
described below . 
(2) . Determination of copper , (after GPRC Tech . Comm . No . 
ill · 
(a) . Reagents 
(i) . 0.02% 2~2 '-diguinolyl solution : dissolve 40 
mg . in 200 ml . of amyl alcohol. 
(ii) . Buffer solution : dissolve 200 gmo of sodium 
acetate , (trihydrate), 100 gm~ of potassium 
sodium tartrate , (tetrahydrate), and 20 gm. of 
hydroxylamine hydrochloride in water and dilute 
to one litre . Extract with 0.01% dithizone 
until free from copper and then remove the 
excess of dithizone by extraction with carbon 
tetrachloride . The pH of the buffer should be 
+ 6 . 05 - 0 .15 and the optimum pH range of the fina 
acqueous phase 4.0 - 9 &0 . 
(iii). Standard copper solutions : 100 ~g . of copper 
per ml . - dissolve 200 mg . of cupric sulphate, 
(pentahydrate ), in 0&5 M-hydrochloric acid and 
dilute to 500 ml . with this acid . 
10 ~g . of copper per mle - dilute 10 ml~ of the 
100 ~g. per ml. solution to 100 ml . with OftS 
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M-hydrochloric acid . 
1 pg. of copper per ml" - dilute 10 IDl. of th:-
10 J,lg . per ml . solution to 100 IDl, wit:: 0 5 
M-hydrochloric acid" 
i: b) P~Etl>..aratj on of standards : 
To 20 test tubes calibrated at 10 and 12 ml , . 
and each containing 10 ml . of buffer soJ_utiG~1: 
add respectively 0 , 0 . 2, 0 . 4, 0.6 9 0.8, l~O, 
2RO , 3.0 s 4~0, 5.0 , 600 , 700 , 8~0, 9~0, 10, 
12, 14, 16 , 18, 20 pg . of copper . ~ilute t8 
12 ml" with 0" 5M- hydrochloric acid, add 2 in'!.. 
of diquinolyl solution , cork the tube end ~h~:e 
vigorously for 30 sec . 
(c) . Determination of cspper in unknowns 
(i). Pipette a 2 ml. aliquot of leachate into 10 w~_ 
of buffer solution contained in an 18 x 180 am. 
test tube, previously calibrated at 10 and 12 
ml. 
(ii). Add 2 ml. of 0 . 02% 2e2 '-diquinolyl solution. 
(iii) . Cork the tube and shake vigorously for 30 sec . 
(iv). Compare with standards. 
(v) . If above ~op standard , add another 2 ml. of 
diquinolyl solution and sha~e for a further 30 
sec . 
(vi). If still above top standard , repeat with a 
sample aliquot of 0.1 mlo and dilute to 12 ml .. 
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with 0,5 H-hydrochloric acid at stage (v) . 
vopper in ppm = 50 x (pg1 of copper in matching standard) 
x (:ul. of solvent phRse ) / (ml~ of sample aliquot) . 
(t). The r~Lge covered is 5 - 2000 ppm with an aliq-
uot of 2 ml~ cnd 1000 - 20,000 ppm with an 
£li~:ot of C 1 ml, 
(ii)o Relul~s way be obtained within ± 25% at the 
95% con~:i.o.ei1ce level over the range 5 - 20 , 000 
ppm . 
(3). Determina~1~_of ~ead, (after GPRC Tech . Comm. No . 16 , 
(a) ~ Reagents 
(i)~ .Q.OOO~%Jl.i~p.izone)_n benzene : ma.ke up daily 
from an 0001% stock solution and store in a 
vacuum flask. 
(ii) . 0 . 04% th~_._blu.~ : dissolve 40 mg . of the 
sodium salt in 100 mlo of water . 
(iji). Buffer ~olutio~ : dissolve 120 gm . of tri-
ammonium citrate and 20 gm . of hydro- xylamine 
hydrochloride in about 800 ml. of water . Add 
5 ml. of 0,04% thymol blue solution followed 
by ammonia solution (S ,G. 0 . 880) until the 
colour of the indicator changes from yellow to 
a distinct blue . Add 18 gm. of potassium cyan-
ide and dilute to 1 litre with water . Extract 
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with 0.01% dithizone in carbon tetrachloride 
until free from lead , and remove the exceSs of 
dithizone by extraction with chloroform. The 
pH of the buffer solution should be between 
9 . 5 - 9.S . 
(iv). Standard lead solution : 100 pg . of lead per 
ml. - dissolve SO mg . of lead nitrate in 0 . 5 
N-hydrochloric acid and dilute to 500 ml . with 
thj_s acid . 
5 pg . of lead per ml . - dilute 5 ml. of the l~~ 
~g . per ml. solution to 100 ml . with 0 . 5 
M-hydrochloric acid . 
(b). Preparation of standards : 
To each of 12 test tubes (19 x 150 mm . ) calib-
rated at 10 and 12 ml ., and each containing 10 
ml. of buffer solution , add respectively 0 , 0.5, 
1.0, 1.5, 2. 0 , 2 . 5, 3 . 0, 3.5 , 4 . 0 , 5.0, 6 . 0, 
7.0 ug. of lead . Dilute to 12 ml . with 0 . 5 
I 
M-hydronhloric acid and add 5 ml . ~f OeOOOS~ 
dithizone in benzene . Cork the tubes and shake 
vig~rously for 15 sec. Keep in a cool dark 
place when not in use . 
(c). Determination of lead in unknowns 
(i). Pipette a 2 ml . ali quot of leachate into 10 mi, 
of buffer solution , contained in a 19 x 150 mm. 
Pyrex test tube previously calibrated at 10 and 
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12 ml . 
(ii) . Add 5 ml. of 0 . 0008% dithizone solution . 
(iii). Cork tubes and shake vigorously for 30 sec . 
(iv) . Compare with standards . Use smaller aliquot 
if above top standard~ When using an aliquot 
of less than 1 ml ., the aqueous phase should 
be made up to 12 ml . with 0 . 5 M-hydrochloric 
acid. 
Lead in ppm = 50 x (pg . of lead in matching standard) . 
Remarks 
(i). The range covered is 10 - 350 ppm as described 
above , but may be extended to 7000 ppm by using 
an aliquot of 0 . 1 ml . 
(ii). Results may be obtained within = 25% at the 
95% confidence level over the range 10 - 7000 
ppm. 
(4) . Determination of zinc , (after GPRC Tech . Comm . No . 30 
(a). Reagents 
(i) . 0 . 001% dithizone in benzene: make up daily 
from an 0 . 01% stock solution and store in a 
vacuum flask . 
(ii) . Buffer solution dissolve 500 gm . of sodium 
acetate, 5 gm , of sodium fluoride and 125 gm. 
of sodium thiosulphate in about 1500 ml . of 
water . Add 15 ml . of acetic acid and extract 
with 0 . 01% dithizone in carbon tetrachloride 
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until free from zinc . Remove the excess of 
dithizone by extraction with carbon tetrachlor-
ide and dilute the aqueous phase to 2 litres 
with water . The pH of the buffer solution 
should be + 6 . 0 .. 0.15 . 
(iii). Stand~r~in.c solution: 100 ~go of zinc per 
ml ~ .. dissoJ.ve 220 mg. of zinc sulphate hepta-
hydrate in 0.5 M-hydrochlori c acid and dilute 
to 500 ml, with this acid . 
5 )lg~ of zinc per ml~ - dilute 5 ml .. of the 100 
)~g. per ml . solution to 100 ml8 with 0.5 
M-hydrochloric acid. 
(b)~ Preparation o~ standards: 
To 9 test tubes each containing 5 ml . of buffer 
solution , add respectively 0 , 0 . 25 , 005 , 1.0 , 
1 • 5 f 2. ° , 2. 5 , 3 . 0 , 3 . 5 J:lg . of zinc ~ Add 5 ml . 
of 0.001% dithizone , cork the tubes and shake 
viBorous1y for 1 min . Keep in a cool dark 
p1nce when not in use . 
(c), Determination of zinc unkno\vns 
(i). Pipette a 1 ml . a1iquot of 1eachate into 5 ml. 
of buffer solution in a test tube , (18 x 180 
mm . ) , calibrated at 5 ml . 
(ii) . Add 5 ml. of o.oOi% dithizone solution . 
(1ii) . Cork tubes and shake vigorously for 1 min . 
(iv) ~ Compare with ~tru1dards . If above top standard 
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use smaller aliquot . 
Zinc in ppm = (100 x Mg . of zinc in matching standard) . 
Remarks 
(i) • A range of 5 - 350 ppm is covered , but it may 
be extended up to 3500 ppm by using an aliquot 
of Onl ml . 
(ii) • Results can be obtained within ~ 25% at the 
95% confidence level over the range 5 - 3500 
ppm . 
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APPENDIX C 
Comparative lists of the species occurring in the pla~t 
associations, communities and assemblages of the v~galc 
River and Bulman Areas 
Table 35 
Comparative List of the Species occurring in the Plant 
Associations , Communities and Assemblages of the Dugald 
River Area 
(1). Eucalyptus brevifolia - Triodia pungens association 
(2) . Eucalyptus brevifolia - E. dichromophloia - Triodia 
pungens association 
(3). Eucalyptus brevifolia - Acacia chisholmi - Cleome 
viscosa association 
(4). Eucalyptus argillacea - E. terminalis - Acacia 
chisholmi - Triodia pungens association 
(5) . Eucalyptus argillacea - E. terminalis - Carissa 
lanceolata - Sporobolus australasicus association 
(6) . Acacia cambagei association 
(7) . Astrebla pectinata - Iseilema macrathera association 
(8) . Melaleuca leucadendron - Eucalyptus camaldunensis -
Tristania grandifl ora community 
(9). Tephrosia sp . nov o (Dugald R. No . 5) - Polycarpaea 
glabra - Eriachne nrucronata - Bulbostylis barbata 
assemblage 
d . dominant species 0 . occasional species .- .-
c . common species r rare species .-
TREES. (1) (2 ) (3) (4) (5) (6) (7) (8) 
Eucalyptus brevifolia d d d 0 0 0 r 
Eucalyptus argillacea 0 d d 0 c 
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TREES (1) (2) (3) 
----
(4) (5) (6) (7) (8) 
Eucalyptus terminalis r 0 d d 0 0 
Eucalyptus dichromophloia 0 d 
Acacia cambagei 0 d 0 
Eucalyptus camaldunensis d 
Melaleuca viridiflora d 
Tristania grano.iflora C. 
Dlcalyptus papuana 0 r 0 c 0 
Terminalia aridicola c c c c 
bucalyptus pruinosa 0 0 0 
Atalaya hemiglauca r 0 c 0 
Hakea suberea 0 0 0 
Acacia coriacea 0 
Eremophila mitchelli 0 c 
Bauhinia carronii 0 c c 
Bauhinia cunninghamii 0 0 
Acacia bidwilli r 0 0 0 
Acacj.8 hemignosta r 0 
May tenus cunninghamii 0 0 0 0 
Grevillea mimosoides 0 
Eucalyptus aspera r 
Eucalyptus setosa r 
Grevillea striata r r 
.cacia mn...YJ.gium r 
Hakea. arborescens r 
Eucalyptus tectifica r 
Clerodendron tomentosum r 
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TREES (1) (2 ) (3 ) (4) (5) (6) (7) ( 3 
Clerodendron floribundum r 
Brachychiton australe r 
SHRUBS 
Acacia chisholmi 0 d d c 0 c 
Carissa lanceolata 0 r d 0 ~ 
Cassia desolata c c 
Eremophila latrobei r 0 c r 
Acacia phlebocarpa c .-, 
Securinega virosa .... 
Melaleuca bracteata ;) 
Tephrosia sp. nov o (No . 5) 0 0 r 
Myoporum montanum 0 0 0 
Acacia retivenia 0 
Cassia pruinosa r r 
. 
Cassia venusta r 
Cassia absus r 
Santalum lanceolatum r r 
Cassia oligophylla r 
Acacia lysiphloia r 
Acacia galioides r 
Dodonaea lanceolata r 
Corchorus sidoides r 
GRASSES 
Triodia pungens d d c d c 0 c 
Sporobolus australasicus c r r c d c c 
Enneapogon polyphyllus 0 r r c c 0 0 
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GRASSES (1) (2) (3) (4) (5) (6 ) (7) (8) ( , 
Aristida browniana 0 r r 0 c 0 c 
Eulalia fulva c c 0 0 0 r r 
Eriachne pulchella c c 0 0 0 r 
Paspadilium rarum 0 0 0 r c c r 
Eriachne mucronata 0 0 0 r r 0 
Enneapogon oblongus 0 0 0 0 
Tragus australianus r c r 
Schizachyrium sp. (No . 73) c c 0 
Chrysopogon fallax c c 
Aristida pruinosa 0 0 
Brachyachne convergens 0 0 
Dactyloctenium radulans 0 
Perotis rara c 0 
Heter,pogon contortus 0 0 
Triodia longiceps 0 0 I 
Iseilema macrathera d 
Astrebla pectinata d 
Eragrostis leptocarpa 0 0 
Eragrostis japonica c 
Chloris acicularis c 0 0 
Eriachne ...,btusa 0 
SEDGES 
Bulbostylis barbata o. c 1 
Fimbristylis sp . (No. 279 ) r c 
Cyperus iria 0 
- :J -
HERBS (1) ( 2) ( 3) (4) ( 5 ) (6 ) (7) (s) ,'1 
----
, 
Cleome viscosa c' c d c c c c 
Tribulus terrestris r c 0 0 
:':!'ibulus pentandrus c c 0 c 0 
G-cID:-,hrena brownii 0 0 0 0 c 0 
~+ilotus fusiformis 
yar~ gracilis 0 r r c 0 
-30erhavia diffusa r r 0 c 0 0 
Heliotropium tenuifolium c 0 0 c 0 
Portulaca intraterranea 0 r r 0 c r 0 
Amax-anthuf) interruptus 0 r r r 
Breweria media r c 0 
Polycarpaea corymbosa 0 r r r 
Polycarpaea glabra r r 
Indigofera linifolia r r r r 
Euphorbia australis r r 
Euphorbia ughligiana r r r r 
Scqevola densivestita 0 0 
Corchorus pumilio r r 
Evolvulus alsinoides 
vart' villosicalyx 0 :t' 
Notoxylinon a ustrale r 
Abutilodon andrewsianum r 
r,lel vastrum spicatum r r 
Solanum p. (No. 21 ) 0 
Solanum ellipticum r 0 
Borreria australiana r r 
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HERBS (1) (2) (3) (4) (5) (6 ) (7) (8) ( 
Borreria breviflora 0 
Crotalaria aff . 
novae hollandiae 0 
Ptilotus spicatus c 
Andrachne decaisnei 0 r 
Indigofera colutea r 
Indigofera enneaphylla r r r 
Indigofera hirsuta r 
Heliotropium sp . (No. 23) d 
Tephrosia eriocarpa 0 
Tephrosia rosea r 
Tephrosia sp . (No . 192) r r 
Tephrosia braohychidon 
var . longifolia r r 
Crotalaria trifoliastrum r r r 
Polymeria ambigua r 
Ptilotus clementii ,,) r 
Ptilotus obovatus r 0 
NepttU1ia gracilis r r r 
Melhania incana r 
Corchorus tridens r r 
Goodenia vilmorinae r 
Trichodesma zeylanica r 
Euphorbia sP . aff .schul tzii:. r 
Citrullus vulgaris r 
pterocaulon verbascifolium 0 
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HERBS 
Breweria pannosa 
Trianthema triquetra 
Chenopodium auricomum 
Ocimum sanctum 
Sida acuta 
Hibiscus trionum 
Hibiscus ficulneus 
Desmodium muelleri 
Ipomoea lonch0phylla 
Plumbago zeylanica 
Anisomeles sal~iaefolia 
Alternanthera denticulata 
Melothria maderaspatana 
(1) (2) (3) (4) (5) (6) (7) (8) (, 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
r 
Table 36 
Comparative List )f the Species occurring in the PlF.nt 
Associations , Communities and Assemblages of the Bulman Axe~ 
(1) . Erythrophleum chlorostachys - Eucalyptus spp. -
Gardenia megasperma - Chrysopogon pallidus -
Andropogoneae indet . (Bulman No . 156) association 
(2) . Cochlospermum fraseri - Acacia pallida - Vetiveria 
elongata - Heteropogon contortus community 
(3) . Gardenia mGgasperma - Erythrophleum chlorostachys -
Vetiveria elongata - Chrysopogon pallidus community 
(4) . Eucalyptus tectifica - E. confertiflora - Hakea 
arborescens - Heteropogon contortus - Andropogoneae 
indet . (Bulman No . 156) - Iseilema vaginiflorum 
association 
(5). Sorghum sp . (Bulman No . 184) - Chionachne cyathopoda -
Iseilema vaginiflorum , with Terminalia platyphy11a and 
Tristania grandiflora - association 
(6) . Pandanus sp . - Timonius timon - Heteropogon contortus -
Flaveria australasica community 
(7). Imperata cylindrica var . Inajor - F1averia austrulasica 
community 
(8) . Pipturus argenteus - Melaleuca viridiflora community 
(9)~ Polycarpaea synandra var . gracilis - Gomphrena 
canescens - Aristida browniana - Tephrosia aff . 
polyzyga - Fimbristylis schultzii assemblage 
-
2 -
d . dominant species 0 :- occasional species .-
c .- common species r , ,.- rare species 
TRE'SS (1) (2 ) (3) (4) (5) (6) (7; ,. ,.... \ 
.. .. - . ... -
\ 4... ..... J 
3rythrophleum chlorostachys d 0 d 
G~rdenia megnsperma d 0 d c 
Eu.colyptus tectificA. d Cl. 
:eucalyptus fer:,uginca d 
E-.tcalyptua tetrodonta d 
Eucolyptus jenseni d 
Euca lyptus confertiflora d 
Pandanus sp. (Uo~ 206 ) c d 
Tristania grandiflora c c 
Hakea arborescens 0 0 d 
Terminalia platyphylla c c 0 
Acacia p3.llida d c c 0 r 
Cochlospermum fraseri d 0 
Timonius timon d 0 
Melaleuca viridiflora 0 0 0 6 
Pipturus nrgenteus 0 d 
Eucalyptus papuana r 0 0 
Eucalyptus patellaris r c 
Terminalia pterocarya c 
Brachychiton gregorii r 0 0 r 
Eucalyptus grandifbl:i:a 0 
Eucalyptus bigalerita 0 0 
Ficus opposita 
var. micrantha 0 0 
- 3 -
TREES (1 ) ( 2) (3) (4) (5) (6 ) (7) (8) ( ~ 
Grevillea dimidiata 0 0 
Grevillea heli~sperma 0 
Bauhinia cunninghamii r 
Alstonia actin("phylla 0 r 
Eucalytus set0sa 0 
Ficus racemosa r 
Eucalyptus pruinosa r 
SHRUBS 
Petalostigma quadrilo-
cuI are c 
Tephrosia aff . p,.,lyzyga 0 0 d 
Tephrosia sp . (No . 118) 0 
Grewia retusifolia r 0 
GRASSES 
Chrysopogon pallidus d d 0 0 
Andropogoneae indet . (No~56 )d c d c 
Heteropngon cont~rtus 0 d 0 d c d 
Vetiveria elongata d d 0 
Indetermin!1.te grass (No .. 123~ 0 0 r 
Andropogoneae indet . (No . 135)c 
Iseilema vaginiflorum d d 
Sorghum sp . (No . 184) d c 
Chionochne cyathopoda d 
Imperata cy1indrica 
var . major r d 
Heter~p~gon triticeus 0 r c 0 
- 4 -
GRASSES ( 1.) (2) (3) (4 ) (5) (6 ) (7 ) (8) ( 
Aristida browniana 0 0 0 0 
Plectrachne pungens 0 
Panicum sp . (No . 136 ) 0 r 
Eriachne sp . (No . 144) 0 r 
Schizachyrium sp . (No . 126) r 0 
Eriachne ciliata r 
Themeda australis r 
Eragrostis japonica r 0 
Elytrophorus spicatus r 
Eriachne obtusa 0 
SEDG :,S 
Fimbristylis schultzii 
Bulbostylis barbata 0 0 0 
Fimbristylis cardiocarpa r r 
Fimbristylis phaeoleuca r 
HERBS 
---
Flaveria australasica 0 d d 
Sesbania aculeata c 0 
Polycarpaea spirostylis c 
Polycarpaea synandra 
var . gracilis r d 
Polycarpaea corymbosa r 0 
Galactia muelleri 0 c 
Euphorbia sp . (No . 127 ) 0 c r 
Gomphrena canescens 0 c 
Trianthema rhynchocalyptra 0 
- 5 -
T·-~"'" .., 
.............. 
..... "'-- - ' 
-- - . 
(1) (2) (3) (4) (5) (6) (7) 18) I 
Indigofera linifolia 
Andrachne decaisned 
Corchorus acutangulus 
Boerhavia diffusa 
Heliotrop±um ventricosum 
r 
r 
Desmodium filiforme r 
Helicteres cana r 
Urarla cylindracea 0 
Ipomoea pol~norpha r 
o o 
r 
r 
o r 
r 
Pterocaulon sphacelatum r 
Pterocaulon verbascifolium 0 
Ptilotus fusiformis 0 
Melothria maperaspatena 
Clcome viscose o 
o 
